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THE  CORRELATION  OF  EYE  SIZE  WITH  CIRCADIAN  FLIGHT 
PERIODICITY  OF  NEARCTIC  ARMY  ANT  MALES 
OF  THE  GENUS  NEIVAMYRMEX 
(HYMENOPTERA;  FORMICIDAE;  ECITONINAE) 

Christopher  J.  Coody  and  Julian  F.  Watkins  II 

Department  of  Biology,  Baylor  University,  Waco  Texas  76798 

Abstract. — Adequate  field  data  are  not  available  to  determine  the  circadian  flight 
periodicities  for  males  of  many  of  the  approximately  100  species  of  New  World  army  ants 
(Ecitoninae)  for  which  males  are  known;  however,  this  behavior  can  be  predicted  from 
standardized  eye  measurements.  The  ocelli  and  compound  eyes  of  three  species  of  day-flying 
males,  Neivamyrme x  opacithorax,  N.  nigrescens,  and  N.  texanus  are  smaller  than  those  of 
three  species  of  night-flying  males,  N.  melsheimeri,  N.  harrisi,  andTV.  swainsoni.  These  data 
are  used  to  predict  the  circadian  flight  periodicity  for  the  nine  remaining  United  States 
species  of  Neivamyrmex  for  which  males  are  known.  These  predictions  agree  with  the 
available  flight  data.  Key  words :  circadian  flight  periodicity;  army  ant  males. 


Although  males  of  several  army  ant  species  fly  at  night,  and  males  of 
a  few  species  fly  mostly  during  the  daytime,  circadian  flight  data  are  not 
available  for  most  species  known  only  from  taxonomic  publications  and 
museum  specimens.  In  their  study  of  flight  periodicities  of  Nearctic  army 
ant  males,  Baldridge  et  al.  (1980)  concluded  that  Neivamyrmex 
opacithorax  (Emery),  N.  nigrescens  (Cresson),  and  N.  texanus  Watkins 
flew  only  during  the  daytime,  and  that  this  behavior  explained  the 
absence  of  these  males  in  their  light  traps.  They  also  postulated  that  the 
sparsity  of  males  of  N.  microps  Borgmeier,  N.  mojave  (Smith),  and  N. 
baylori  Watkins  in  collections  might  be  due  to  diurnal  flight  behavior. 

While  preparing  keys  for  a  taxonomic  paper  on  Nearctic  army  ants, 
we  noticed  that  the  diurnal  males  listed  by  Baldridge  et  al.  had  relatively 
small  ocelli.  Thus,  we  hypothesized  that  the  sizes  of  the  ocelli  and 
compound  eyes  of  Nearctic  army  ant  males  correlated  with  their 
circadian  flight  periodicity,  and  that  these  measurements  might  be  used 
to  predict  this  behavior  for  other  species  for  which  no  circadian  flight 
data  are  available. 

Our  study  consisted  of  three  parts.  First,  we  compared  the  sizes  of  the 
ocelli  and  compound  eyes  of  day-flying  males  of  the  three  species  listed 
by  Baldridge  et  al.  (1980)  with  the  ocelli  and  compound  eyes  of  three 
species  of  night-flying  males.  Next,  we  examined  geographic  variation  in 
eye  size  of  males  of  the  same  species.  Finally,  we  predicted  the  circadian 
flight  periodicity  from  standardized  eye  measurements  for  all  15  United 
States  species  of  Neivamyrmex  for  which  males  are  known,  and 
compared  these  predictions  with  the  available  flight  data. 
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Materials  and  Methods 

In  the  first  part  of  our  study,  we  compared  eye  sizes  of  30  males  of  N.  opacithorax 
(Emery),  N.  nigrescens  (Cresson),  and  N.  texanus  Watkins  collected  as  they  flew  from  nest 
sites  during  the  daytime,  with  eye  sizes  of  30  males  of  N.  melsheimeri  (Haldeman),  N. 
harrisi  (Haldeman),  and  N.  swainsoni  (Shuckard)  collected  in  light  traps  at  night.  All  of 
these  males  were  collected  in  Waco,  Texas,  except  those  of  N.  swainsoni  (Alpine,  Texas) 
and  N.  opacithorax  (Manhattan,  Kansas).  Males  of  each  of  the  first  three  species  were  from 
the  same  colony.  Collection  dates  were:  N.  opacithorax  (28  September  1962),  N.  nigrescens 
(21  October  1970),  N.  texanus  (12  November  1973),  N.  melsheimeri  (6-24  June  1971), A. 
harrisi  (8  September  1964),  N.  swainsoni  (7  July  1964). 

Next,  we  compared  25  males  of  N.  opacithorax  from  Texas,  Kansas,  and  Florida;  20 
males  of  N.  nigrescens  from  Texas  and  Kansas;  30  males  of  N.  melsheimeri  from  Texas, 
Tamaulipas,  and  Chiapas;  23  males  of  N.  swainsoni  from  Texas,  Arizona,  and  Tamaulipas. 
The  only  available  males  of  N.  texanus  were  from  Texas. 

In  the  final  part  of  our  study,  we  measured  up  to  30  males  of  each  of  13  species  listed 
in  Table  3  and  extracted  data  for  the  remaining  two  United  States  species  ( N .  microps,  N. 
mojave)  from  Borgmeier  (1955).  Males  of  N.  baylori,  N.  microps,  and  N.  mojave  are  known 
only  from  type  specimens.  We  compared  these  measurements  with  the  combined  data  for 
all  day-flying  males,  and  for  all  night-flying  males,  listed  in  Tables  1  and  2  and  predicted 
the  circadian  flight  periodicity  for  males  of  each  species. 

Measurements  used  in  this  study  were:  (1)  diameter  (height)  of  median  ocellus,  (2) 
diameter  of  lateral  ocellus,  (3)  height  of  compound  eye,  (4)  width  of  compound  eye  (lateral 
view),  (5)  length  of  alitrunk.  Alitrunk  lengths  were  used  to  standardize  the  eye 
measurements  to  the  mean  alitrunk  length  of  the  60  males  of  the  six  species  used  in  the 
initial  study.  This  standardization  was  essential  because  eye  size  varied  with  body  size,  and 
total  body  size  varied  greatly  among  males  of  the  different  species.  The  measurements  were 
standardized  according  to  the  equation:  Std  EM  /  Mean  AL  =  Act  EM  /  Act  AL  or  Std  EM 
=  Act  EM  X  Mean  AL/Act  AL  (Std  =  standardized.  Act  =  actual,  EM  =  eye 
measurement,  AL  =  alitrunk  length).  Total  body  lengths  were  not  used  because  the  gasters 
of  many  specimens  were  abnormally  elongated  by  our  practice  of  squeezing  them  at  the 
time  of  collection  to  extrude  their  genitalia  for  taxonomic  purposes. 

The  “students”  t-test  was  used  for  all  statistical  comparisons  and  a  probability  of  0.05 
or  less  was  considered  significant. 


Results  and  Discussion 

Males  of  the  night-flying  species,  N.  melsheimeri,  N.  harrisi,  and  N. 
swainsoni ,  had  relatively  larger  ocelli  and  compound  eyes  than  males  of 
the  day-flying  species,  N.  opacithorax,  N.  nigrescens,  and  N.  texanus. 
The  standardized  diameters  of  the  median  and  lateral  ocelli  and  the 
standardized  heights  and  widths  of  the  compound  eyes,  were  all 
significantly  greater  for  the  30  night-flying  males  than  for  the  30  day¬ 
flying  males  (Table  1).  Although  some  standardized  eye  measurements 
varied  significantly  between  species  in  each  group,  each  of  the  four 
standardized  measurements  were  significantly  greater  for  each  of  the 
three  night-flying  species  than  for  each  of  the  three  day-flying  species. 
The  diameter  of  the  lateral  ocellus  of  each  male  was  about  the  same  as 
the  diameter  of  the  median  ocellus;  therefore,  the  lateral  ocelli  were  not 
measured  in  subsequent  studies. 
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Table  1.  Standardized  eye  sizes  of  day-flying  and  night-flying  males  of  Neivamyrmex. 
Measurements  are  means  followed  by  ranges.  DMO,  diameter  median  ocellus;  DLO, 
diameter  lateral  ocellus;  HCE,  height  compound  eye;  WCE,  width  compound  eye. 

Standardized  eye  sizes  (mm)1 


Number 


Species 

males 

DMO 

DLO 

HCE 

WCE 

N.  opacithorax 

10 

.  19(.  17-.20) 

.  19(.  18-.20) 

,64(.62-.66) 

,47(.43-.50) 

N.  nigrescens 

10 

.20(.  19-.20) 

.  19(.  17-.21) 

.65(.63-.67) 

,49(.45-.52) 

N.  texanus 

10 

.17(.16-.18)* 

.  17(.  16-.  19) 

.63(.59-.65) 

,48(.46-.51) 

all  day-fliers 

30 

.  19(.  16-.21) 

.  19(.  17-.21) 

.64(.59-.67) 

,48(.42-.52) 

N.  melsheimeri 

10 

.33(.31-.36)* 

.33(.31-.36)* 

.93(.89-.96)* 

.71(.68-.72)* 

N.  harrisi 

10 

,29(.28-.32) 

.30(.28-.32) 

.82(.79-.85)* 

,66(.64-.68)* 

N.  sxvainsoni 

10 

.30(.28-.32) 

.29(.28-.30) 

.70(.67-.73)* 

.56(.53-.59)* 

all  night  fliers 

30 

.31(.28-.36)** 

.31(.28-.36)** 

.82(.67-.96)** 

.64(.53-.72)** 

'Standardized  measurements  (see  text  for  equation)  are  based  on  the  mean  alitrunk  length 
(3.78  mm)  of  all  60  males. 

*Significant  difference  from  other  species  of  day-fliers  or  night-fliers. 

**Significant  difference  from  “all  day-fliers” 

Although  significant  differences  exist  within  species  from  different 
localities  (Table  2),  night-flying  males  from  each  locality  had  significantly 
larger  standardized  ocelli  and  compound  eyes  than  day-flying  males  from 
each  locality. 


Table  2.  Geographic  variations  in  the  eye  sizes  of  males  of  Neivamyrmex. 


Species 

Standardized  eye  sizes  (mm) 

i 

Locality 

Number 

males 

DMO 

HCE 

WCE 

N.  opacithorax 

Texas,  U.S.A. 

10 

.  19(.  18-.20) 

.64(.59-.69) 

,49(.45-.52) 

N.  opacithorax 

Kansas,  U.S.A. 

10 

.  19(.  17-.20) 

,64(.62-.66) 

,47(.43-.50) 

N.  opacithorax 

Florida,  U.S.A. 

5 

.  18(.  17-.20) 

.63(.61-.68) 

.48(.47-.50) 

N.  nigrescens 

Texas,  U.S.A. 

10 

,20(.  19-.21) 

.65(.63-.67) 

.49(.45-.52) 

N.  nigrescens 

Kansas,  U.S.A. 

10 

.  19(.  18-.20) 

.63(.56-.68) 

,47(.44-.50) 

N.  texanus 

Texas,  U.S.A. 

10 

.  17(.  16-.  18) 

,63(.59-.65) 

,48(.46-.51) 

all  day-fliers 

all  localities 

55 

.  19(.  16-.21) 

.64(.56-.69) 

.48(.43-.52) 

N.  melsheimeri 

Texas,  U.S.A. 

10 

.33(.31-.36) 

,93(.89-.96) 

.71(.68-.72) 

N.  melsheimeri 

Tamaulipas,  Mex. 

10 

.38(.35-.40)* 

.97(. 92-1.0)* 

.74(.69-.79)* 

N.  melsheimeri 

Chiapas,  Mex. 

10 

.34(.3 1-.36)* 

,95(.92-.99) 

.72(.65-.76) 

N.  harrisi 

Texas,  U.S.A. 

10 

.29(.28-.32) 

.82(.79-.85) 

.66(.64-.68) 

N.  harrisi 

Arizona,  U.S.A. 

10 

,32(.29-.34)* 

.82(.79-.90) 

.70(.66-.76)* 

N.  harrisi 

Tamaulipas,  Mex. 

3 

.3 1  (.30-.32) 

.83(.82-.84) 

.68(.68-.69) 

N.  swains  on  i 

Arizona,  U.S.A. 

10 

.31(.29-.33) 

.72(.69-.76) 

,61(.57-.65) 

N.  swainsoni 

Texas,  U.S.A. 

10 

,30(.28-.32) 

.70(.67-.73) 

.56(.53-.59)* 

N.  swainsoni 

Tamaulipas,  Mex. 

10 

.30(.28-.31) 

.72(.68-.76) 

,61(.56-.66)* 

all  night-fliers 

all  localities 

83 

.33(.28-.40) 

,84(. 67-1.0) 

,66(.53-.79) 

'See  footnotes  and  heading  of  Table  1. 
*Significant  difference  between  localities. 
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Table  3.  Predicted  and  known  circadian  flight  periodicity  of  males  of  United  States  species 
of  Neivamyrmex. 


Flight 

Standardized  eye  sizes  (mm)1  Periodicity2 


Number 


Species 

males 

DMO 

HCE 

WCE 

Pred. 

Known 

N.  andrei 

10 

.30(.28-.32) 

,85(.81-.92) 

,72(.67-.79) 

N 

N 

N.  baylori* 

1 

.20 

.66 

.50 

D 

U 

N.  carolinensis 

1 

.20 

.69 

.51 

D 

U 

N.  fuscipennis 

7 

.27(.26-.28) 

,67(.65-.69) 

,53(.51-.56) 

D/N 

D/N 

N.  harrisi 

23 

.31(.28-.34) 

.82(.79-.90) 

,68(.64-.76) 

N 

N 

N.  macropterus 

10 

.32(.29-.35) 

,83(.77-.89) 

,64(.60-.67) 

N 

N 

N.  melsheimeri 

30 

.35(.31-.40) 

.95(.89-1.0) 

.72C.65-.79) 

N 

N 

N.  microps* 

1 

.14 

.43 

.38 

D 

U 

N.  minor 

19 

,31(.27-.35) 

.82(.77-.88) 

.73C.67-.79) 

N 

N 

N.  mojave* 

1 

.16 

.59 

.49 

D 

U 

N.  nigrescens 

20 

.19C.18-.21) 

.64C.56-.68) 

.48(.44-.52 

D 

D 

N.  opacithorax 

25 

,19(.17-.20) 

.64(.59-.69) 

.48(.43-.52) 

D 

D 

N.  pilosus 

20 

,29(.28-.32) 

.81C.74-.85) 

,67(.62-.70) 

N 

N 

N.  swainsoni 

30 

.30(.28-.33) 

,71(.67-.76) 

.59C.53-.66) 

N 

N 

N.  texanus 

10 

.17C.16-.18) 

.63C.59-.65) 

.48C.46-.51) 

D 

D 

’See  footnotes  and  heading  of  Table  1. 

2Predicted  (pred.)  flight  periodicity  is  based  on  standardized  eye  measurements.  “Known” 
flight  periodicity  is  based  on  collection  data.  N,  nocturnal;  D,  diurnal;  U,  unknown. 

*Species  known  only  from  type  males. 


Standardized  eye  measurements  for  all  males  of  the  day-flying  species, 
N.  opacithorax,  N.  nigrescens,  and  N.  texanus ,  and  the  night-flying 
species,  N.  melsheimeri,  N.  harrisi,  and  N.  swainsoni ,  from  all  localities 
(Table  2)  were  compared  with  standardized  eye  measurements  of  all  15 
United  States  species  of  Neivamyrmex  for  which  males  are  known  (Table 
3).  Males  of  N.  andrei,  N.  harrisi,  N.  macropterus,  N,  melsheimeri,  N. 
minor,  N.  pilosus,  and  N.  swainsoni  were  predicted  to  be  night-fliers  and 
these  predictions  agreed  with  known  flight  data.  Males  of  N.  baylori,  N. 
carolinensis,  N.  microps,  N.  mojave,  N.  nigrescens,  N.  opacithorax,  and 
N.  texanus  were  predicted  to  be  day-fliers;  however,  sufficient  flight  data 
were  available  to  confirm  these  predictions  for  only  the  last  three  species. 

Although  the  only  known  male  of  N.  baylori  was  collected  from  a  light 
trap,  we  are  not  certain  that  it  entered  the  trap  at  night.  The  light  trap 
was  located  along  the  side  of  a  three-story  building  and  was  not  checked 
until  mid-morning.  Caution  should  be  exercised  in  interpreting  normal 
flight  behavior  from  collection  data.  Males  sometimes  fly  at  unusual 
times  when  their  cover  is  disturbed.  For  example,  night-flying  males  may 
be  netted  during  the  daytime  after  being  disturbed  by  the  collector 
walking  through  the  area.  Also,  notations  on  specimen  labels  such  as 


EYE  SIZE  AND  CIRCADIAN  PERIODICITY  IN  ANTS 


7 


“collected  at  night”  or  “collected  at  10:00  a.m.”  do  not  necessarily 
indicate  that  the  males  were  flying. 

The  only  species  studied  that  could  not  be  assigned  to  either  the  day¬ 
flying  or  the  night-flying  category  was  N.  fuscipennis.  This  species, 
known  only  from  the  male  caste,  presented  special  problems.  First,  there 
were  only  seven  specimens  available  to  us  that  clearly  could  be  assigned 
to  this  species.  Three  males  were  from  Waco,  Texas,  and  four  were  from 
Ciudad  Valles,  Mexico.  Many  males  from  the  western  United  States  were 
either  intermediate  between  N.  fuscipennis  and  N.  macropterus ,  or  more 
closely  resembled  N.  macropterus  (Watkins,  1975).  Reliable  flight  data 
were  available  for  only  three  of  the  seven  N.  fuscipennis  males  measured. 
Two  from  Mexico  were  flying  during  the  daytime  and  one  from  Texas 
was  collected  in  a  light  trap. 

In  conclusion,  we  believe  that  circadian  flight  periodicity  of  male  army 
ants  of  most  species  correlates  with  eye  size,  and  that  these  standardized 
measurements  can  be  used  to  predict  this  periodicity.  We  leave  for  a 
future  study  the  prediction  of  circadian  flight  periodicity  for  the 
remaining  84  species  of  New  World  army  ants  for  which  males  are 
known. 
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Abstract. — Pennsylvanian  age  shales  of  the  Upper  Strawn  Series  in  Palo  Pinto  County, 
Texas,  contained  excellent  populations  of  the  marine  acritarch,  Maranhites.  The  taxon  is 
considered  a  reliable  Devonian  indicator,  especially  in  South  America.  Origin  of  the 
Maranhites  association  is  conjectural,  but  source  may  likely  be  attributed  to  Ouachita 
system  sediments.  Key  words :  Strawn  Series;  Maranhites ;  Ouachita;  tasmanitid;  Devonian; 
acritarchs. 

The  microfossil  genus  Maranhites  has  been  well  known  as  a  reliable 
indicator  of  Devonian  age  rocks  in  South  America  and  perhaps  best 
known  as  a  palynological  zone  of  late  middle  to  late  Devonian  in  the 
Maranhao  Basin  of  northern  Brazil.  It  was  originally  described  as 
Tasmanites  by  Sommer  (1956)  but  assigned  to  Maranhites  by  Brito 
(1965).  Although  generally  associated  with  Brazilian  occurrences  in  South 
America,  the  genus  had  a  wide  distribution  with  records  of  its  presence 
in  Paraguay  (Pothe  de  Baldis,  1979),  the  Algerian  Sahara  (Lanzoni  and 
Magloire,  1969),  France  (Taugourdeau-Lantz,  1968),  Belgium  (Stockmans 
and  Williere,  1969),  and  Ghana  (Bar  and  Riegel,  1974).  In  addition,  we 
have  found  it  common  in  various  Devonian  studies  conducted  in  Bolivia 
and  Columbia,  as  well  as  North  American  records  discussed  in  this 
paper.  A  detailed  listing  of  Maranhites  occurrences  was  compiled  by 
Wood  (1984)  in  which  30  occurrences  of  the  genus  were  cited,  including 
several  from  North  America. 

Prior  to  the  contributions  of  Wood  (1984)  and  Molyneux  et  al.  (1984) 
it  seemed  that  Maranhites  was  not  a  feature  of  the  North  American 
Devonian  but  this  may  be  an  example  of  it  being  overlooked  or  not 
reported  by  investigators,  due  perhaps  to  proprietary  reasons.  The 
authors  have  encountered  it  often  in  North  American  localities,  and  a 
numerous  and  well  preserved  association  of  Maranhites  from  Texas  adds 
to  its  North  American  presence  and  creates  some  questions  regarding  the 
stratigraphic  range  of  the  genus.  In  a  routine  collection  for  reference 
purposes,  samples  of  a  shale  were  collected  immediately  above  the  Hog 
Mountain  Sandstone  in  the  Upper  Strawn  Group  of  Pennsylvania  age 
(Table  1).  The  shale  is  considered  assignable  to  the  East  Mountain  Shale 
Member  of  the  Mineral  Wells  Formation  of  the  Upper  Strawn  Series. 
The  locality  is  a  brick  quarry  on  the  eastern  edge  of  Mineral  Wells 
approximately  400  yards  south  of  U.  S.  Highway  180,  Palo  Pinto 
County,  Texas.  The  samples  were  catalogued  as  nos.  4214  and  4215  and 
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Table  I.  Late  Pennsylvanian  stratigraphic  units  in  north-central  Texas. 


FORMATION 

MEMBERS 

HOME  CREEK 
LIMESTONE 

KISINGER  SANDSTONE 

SALEM  SCHOOL  LIMESTONE 

COLONY  CREEK 
SHALE 

CL 

Z> 

o 

RANGER  LIMESTONE 

cr 

CD 

PLACID  SHALE 

CO 

LU 

2! 

WINCHELL 

DEVIL'S  DEN  LIMESTONE 

I 

LU 

1- 

cn 

LU 

CO 

E 

O 

> 

< 

o 

WOLF 

MOUNTAIN 

SHALE 

ROCK  HILL  LIMESTONE 
LAKE  BRIDGEPORT  SHALE 

CO 

>- 

CO 

z 

z> 

o 

CO 

CO 

2 

PALO 

PINTO 

LIMESTONE 

WILES  LIMESTONE 

BRIDGEPORT  COAL 

ORAN  SANDSTONE 

WYNN  LIMESTONE 

PENNSYLVANIA 

SERIES 

GROUP 

MINERAL 

WELLS 

FORMATION 

KEECHI  CREEK  SHALE 

TURKEY  CREEK  SANDSTONE 

SALESVILLE  SHALE 

DOG  BEND  LIMESTONE 

LAKE  PINTO  SANDSTONE 

EAST  MOUNTAIN  SHALE 

VILLAGE  BEND  LIMESTONE 

CAPPS  LIMESTONE 

HOG  MOUNTAIN  SANDSTONE 

z: 

> 

BRAZOS  RIVER 
FORMATION 

MOINES 

< 

cr 

co 

MINGUS 

FORMATION 

THURBER  COAL 

GOEN  LIMESTONE 

DOBBS  VALLEY  SANDSTONE 

SANTO  LIMESTONE 

DES 

GRINDSTONE 

CREEK 

FORMATION 

BUCK  CREEK  SANDSTONE 

BRANNON  BRIDGE  LIMESTONE 
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filed  in  the  Sun  Oil  Company  collections  in  Richardson,  Texas.  Sample 
4214  is  a  light,  gray  shale  containing  finely  attrital  plant  fragments  and 
overlying  sample  4215,  which  is  a  dark,  carbonaceous  shale  without 
visible  plant  remains.  A  third  shale  sample,  no.  4216,  and 
stratigraphically  older  than  nos.  4214  and  4215,  was  collected  on  the 
north  side  of  the  town  of  Gordon,  on  Farm-Market  road  919  at  the  sign 
indicating  the  city  limits,  also  in  Palo  Pinto  County,  Texas.  This  shale 
is  considered  to  represent  the  Mingus  Shale  of  late  middle  Strawn  age 
(Table  1). 

The  three  shale  samples  contained  numerous,  well-preserved 
palynomorphs.  The  assemblages  were  predominantly  middle  Pennsylvan¬ 
ian  in  character,  and  represented  by  such  common  genera  as  Triquitrites, 
Punctatisporites,  Reticulatisporites,  Raistrickia,  and  Florinites.  However, 
Maranhites  also  was  well  represented  in  the  three  samples,  being  well 
preserved  and  making  up  about  10  percent  of  the  palynomorph 
population  (Fig.  1).  Most  specimens  are  assignable  to  M.  mosesii  or  M. 
gallicus.  The  Maranhites  occurrence  was  unexpected,  particularly  in 
Pennsylvanian  sediments.  Gupta  (1969,  1970)  conducted  palynology 
studies  in  the  study  area,  including  the  type  section  of  the  East  Mountain 
Shale.  He  indicated  a  late  Westphalian  D  age  and  regarded  the 
palynomorphs  to  be  equivalent  to  the  S4  Zone  of  England  and  Wales. 
Palynomorph  occurrences  were  good,  and  Gupta  gave  no  indication  of 
the  presence  of  earlier  Paleozoic  palynomorphs  or  of  recycle  evidence. 
Gupta  (personal  communication  from  S.  Gupta,  9915  Golden  Meadow, 
Houston,  Texas)  noted  that  he  had  not  observed  Maranhites  in  his 
studies. 


North  American  Occurrences 

It  appears  likely  that  the  apparent  rarity  of  Maranhites  in  North 
America  is  unjustified.  Molyneux  et  al.  (1984),  in  their  study  of  late 
Devonian  rocks  of  Ohio,  listed  M.  mosesii  as  a  microplankton  species 
not  previously  reported  in  North  America.  They  recorded  it  in  the 
Bedford  Shale,  but  despite  their  first  record  assignment,  it  had  been 
noted  earlier  by  Urban  (1971),  who  figured  it  with  microfossils  from  the 
late  Devonian  Juniper  Hill  Member  of  Iowa.  Urban  provided  no 
taxonomic  treatment  but  illustrated  a  single  specimen  (pi.  21,  fig.  6), 
which  appears  assignable  to  M.  mosesii.  Wood  (1984)  recorded  several 
occurrences  of  Maranhites  from  the  Bedford  Shale  of  Ohio.  Reaugh 
(1978)  also  cited  Maranhites  sp.  in  the  Devonian  Chattanooga  Black 
Shale  of  northeastern  Tennessee.  It  has  been  observed  in  North  America, 
but  not  reported  by  other  investigators.  McGregor  (personal 
communication  from  D.  C.  McGregor,  Geological  Survey  of  Canada, 
Ottawa)  has  seen  it  only  rarely  in  scattered  Canadian  localities  in  his 
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various  Devonian  studies.  Similarly,  Boneham  has  encountered  it  rarely, 
but  he  does  consider  his  Tasmanites  distinctus  (Boneham,  1967)  to  be 
assignable  to  Maranhites  (personal  communication  from  R.  F.  Boneham, 
Indiana  University  at  Kokomo). 

Texas  Thrust  Belt 

Maranhites  is  a  common  entity  in  what  is  often  referred  to  as  the 
“Ouachita  Overthrust”  in  north-central  Texas,  but,  mostly  due  to  the 
proprietary  nature  of  many  investigations,  its  occurrence  has  gone 
unpublished.  The  genus  is  numerous  in  both  the  Tensus  and  Caballos 
formations  in  wells  in  Terrell  County,  Texas,  with  M.  mosesii,  M. 
gallicus,  and  M.  brasiliensis  seeming  most  representative  (Fig.  1).  Among 
the  wells  we  have  studied  in  Terrell  County  with  good  representation  of 
Maranhites  are  the  following:  Texas  Pacific  Oil  Co.,  Kothman  “B”  no. 
1,  sec.  82,  blk,  1,  TCRR  Survey;  Texas  Pacific  Oil  Co.,  Kothman  no.  1- 
A,  sec.  82,  blk,  1,  TCRR  Survey;  Texas  Pacific  Oil  Co.,  Ellen  A.  Word 
“A”  no.  1,  sec.  29,  blk.  R-3,  GG  &  SF  RR  Survey. 

Stratigraphic  Age 

On  the  basis  of  its  extensive  South  American  occurrences,  Maranhites 
appears  to  be  an  excellent  Devonian  indicator.  Brito  (1967)  defined  a 
palynology  Zone  O,  characterized  by  M.  mosesii  and  M.  brasiliensis ,  in 
the  Maranhao  Basin  of  Brazil  as  being  equivalent  with  the  Longa  and 
late  Cabecas  formations  of  middle  to  late  Devonian  age.  Pothe  de  Baldis 
(1979)  has  noted  M.  brasiliensis  “Forma  F,”  in  Framennian  rocks  from 
Paraguay,  Jardine  et  al.  (1974)  showed  only  a  Framennian  range  for  M. 
mosesii  and  M.  brasiliensis  in  the  Algerian  Sahara.  Stockmans  and 
Williere  (1969)  reported  early  Framennian  distribution  for  M.  britoii  in 
Belgium,  whereas  Taugourdeau-Lantz’s  (1968)  M.  gallicus  was  found  in 
the  early  Frasnian  of  France.  Urban’s  (1971)  early  North  American 
record  was  from  the  late  Devonian.  He  also  observed  it  in  a 
Mississippian  assemblage  of  the  Independence  Shale,  but  regarded  this  as 
recycle. 

Despite  its  apparent  Devonian  documentation,  there  do  exist 
occurrences  that  provide  reasonable  validity  for  a  Mississippian 
assignment.  Lanzoni  and  Magloire  (1969)  noted  M.  mosesii  in  early 
Tournaisian  rocks  of  the  Basin  d’  Illizi  in  the  Algerian  Sahara.  In  our 
subsurface  studies  in  the  Texas  Thrust  belt,  we  have  observed  the  genus 
to  be  well  represented  in  early  Tensus  Formation  rocks  with  spore 
associations  more  characteristic  of  Mississippian  than  of  Devonian. 

The  genus  Maranhites  appears  to  be  a  wide  ranging  and  predominantly 
Devonian  entity,  but  with  occasional  extensions  into  the  Mississippian. 
However,  there  does  not  appear  to  be  any  reliable  basis  for  its  confirmed 
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Figure  1.  Maranhites  from  Texas  (X  250).  1-4,  specimens  from  Kotham  “B”  no.  1  well, 
Terrell  County,  Texas.  (1,3,4,  Maranhites  mosesiv,  2,  Maranhites  hrasiliensis );  5,6, 
Maranhites  mosesii  specimens  from  sample  4214,  Eagle  Mountain  Shale,  Palo  Pinto 
County,  Texas. 

occurrence  in  Pennsylvanian  rocks,  and  the  surface  occurrences  noted 
from  Palo  Pinto  County,  Texas  represent  an  anomaly,  probably 
attributal  to  redeposition. 

Source  of  Palo  Pinto  County  Maranhites 

There  seems  to  be  no  real  basis  for  regarding  the  surface  samples  from 
Palo  Pinto  County  as  of  anything  but  Pennsylvanian  age  in  view  of  the 
diagnostic  palynomorphs.  The  included  Maranhites  are  numerous,  well 
preserved,  and  represent  a  wide  morphological  range,  but  there  is  no  real 
evidence  for  a  range  extension  into  the  Pennsylvanian  and  a  recycle 
origin  remains  the  most  logical  explanation.  However,  the  rich 
Maranhites  assemblage  was  unexpected  inasmuch  as  we  have  previously 
examined  scores  of  Pennsylvania  collections  in  the  area  without  seeing 
Maranhites ,  and  Gupta  (1969,  1970)  did  not  encounter  it  in  his  extensive 
studies  in  the  area.  It  is  admittedly  a  surprising  anomaly  to  encounter 
such  representation  of  a  microfossil  considered  most  characteristic  of 
older  South  American  sediments  and  rarely  recorded  in  North  American 
Devonian  rocks. 

There  is  general  agreement  among  most  investigators  that  the  probable 
source  area  of  these  sediments  is  the  Ouachita  system,  the  great  belt  of 
deformed  Paleozoic  rocks,  especially  the  Ouachita  Mountains,  of  eastern 
Oklahoma  and  western  and  central  Arkansas.  Such  redeposition  has  been 
recognized,  and  Morrison  (1981)  observed  that  reworked  Ouachita 
sediments  have  been  found  in  Strawn  age  rocks  in  Texas  adjacent  to,  and 
in  places  beneath,  the  Ouachita  Front  Fault.  Over  the  years  we  have 
often  made  collections  from  Devonian  formations  in  the  frontal  Ouachita 
Mountains,  particularly  from  the  Arkansas  novaculite  and  Woodford  and 
Pinetop  cherts.  Acritarch  populations  and  tasmanitid  and  leiosphere 
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horizons  frequently  have  been  recorded,  but  Maranhites  has  not  been 
observed.  Thus,  despite  the  reasonableness  of  a  Ouachita  source  for  the 
Palo  Pinto  County  sample,  the  origin  of  the  Maranhites  is  still 
conjectural. 


Affinity  and  Taxonomy  of  Maranhites 

Originally  described  as  Tasmanites  by  Sommer  (1956),  the  taxon  was 
assigned  to  Maranhites ,  by  Brito  (1965).  Its  relationship  has  been 
conjectural  and  Brito  (1967)  regarded  it  as  belonging  to  the  Acritarcha 
and  subsequently  made  the  genus  the  basis  for  an  acritarch  subgroup,  the 
Scutellomorphitae.  Pothe  de  Baldis  (1979)  also  considered  it  to  be  an 
acritarch,  as  did  Cramer  and  Diez  (1979)  in  their  comprehensive  survey 
of  early  Paleozoic  acritarchs.  Muir  and  Sarjeant  (1971)  included 
Maranhites  in  their  cataloging  of  the  tasmanitids,  but  in  their  annotation 
of  the  Tasmanaceae,  observed  that  other  than  the  similar  stratigraphic 
distribution  there  was  little  basis  for  a  tasmanitid  affinity  for  Maranhites. 
Most  recently,  Molyneux  et  al.  (1984)  simply  have  treated  the  genus  as 
a  microplankton.  Considering  the  general  morphology  of  Maranhites  and 
the  fossil  association  with  Tasmanites ,  it  seems  reasonable  to  recognize 
it  as  a  planktonic  alga. 

It  is  not  within  the  province  of  this  paper  to  deal  with  the  taxonomy, 
which  promises  to  be  complex.  A  number  of  species  have  been  described, 
but  even  a  limited  study  has  suggested  that  a  wide  range  of 
morphological  features  intergrade  sufficiently  to  make  specific 
assignments  difficult.  Daemon  et  al.  (1967)  described  a  morphological 
series  with  only  a  single  species.  Wood  (1984)  agreed  with  the  Daemon 
et  al.  (1967)  series,  but  due  to  still  unresolved  nomeclature,  he  preferred 
to  simply  refer  to  a  “Maranhites  brasiliensis  complex.” 
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SURFACE  AREA-WEIGHT  RELATIONSHIPS  OF 
DEHYDRATING  NOSTOC  COMMUNE  (CYANOPHYCEAE) 
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San  Antonio,  Texas  78285 

Abstract. — Changes  in  surface  area  and  weight  were  measured  for  dehydrating  samples 
of  the  terrestrial  macro-algae,  Nostoc  commune  Vauch.  Wet  and  dry  weights  were  related 
via  a  linear  function.  Surface  area  also  was  found  to  be  a  linear  function  of  the  tissue 
weight  regardless  of  the  degree  of  hydration.  The  slope  of  the  surface  area-weight 
relationship  increased  as  hydration  decreased.  At  the  wet  extreme  of  the  moisture  gradient, 
the  thallus  wet  surface  area  was  approximately  three  times  the  wet  weight.  However,  at  the 
dry  extreme,  the  thallus  dry  surface  area  was  approximately  30  times  the  dry  weight.  The 
percent  maximum  surface  area  was  found  to  be  a  log  function  of  the  percent  maximum 
thallus  weight,  which  suggests  that  a  high  surface  area  is  extremely  important  for  this  soil 
macro-algae.  Key  words :  Nostoc  commune ;  blue-green  algae;  dehydration;  biomass;  dry 
weight;  area;  percent  cover;  surface  area;  wet  weight. 

Environmental  factors  such  as  solar  radiation,  temperature,  pH,  soil 
moisture,  ionic  factors,  and  substrate  type  often  are  measured  to 
determine  their  effects  on  soil  algae  (Shields  and  Durrell,  1964;  Lazaroff, 
1972;  Jones,  1977a,  1977b;  Prasad  et  al.,  1978;  Metting,  1981).  Some 
phycologists  have  incorporated  these  measurements  into  their  analyses  of 
algal  spatial  and  temporal  distribution  patterns  (Fairchild  and  Willson, 
1967;  Cameron,  1972;  Hunt  et  al.,  1979;  Kulasooriya  and  de  Silva,  1981). 

In  spite  of  the  above-mentioned  studies,  the  correlation  of  algal 
biomass,  with  physiographic  position,  macrovegetational  habitat,  and 
variances  within  specific  locations  has  received  inadequate  attention  and 
is  little  understood  (Metting,  1981).  Thus,  extensive  comments  that  reflect 
a  holistic  approach  to  ecologic  position,  habitat  preference,  and  niche 
requirements  have  been  scarce  for  soil  algae.  This  paucity  of  ecologic 
characterization  is  due,  in  part,  to  inappropriate  or  cumberson  sampling 
techniques,  and  persists  in  spite  of  the  fact  that  soil  algae,  such  as  Nostoc 
commune ,  undoubtedly  play  an  important  role  in  community  succession 
and  nutrient  economics  (Booth,  1941;  Shields  and  Durrell,  1964; 
Englund,  1978;  Metting,  1981). 

Three  distinct  problem  areas  occur  in  sampling  and  anlyses  of  soil  algal 
distribution — quantification  of  the  microscopic  algae,  quantification  of 
the  macro-algae,  and  concomitant  analyses  of  the  associated 
macrovegetational  communities.  In  the  present  study,  we  dealt  with  the 
problem  of  quantification  of  a  soil  macro-algae.  Percent  cover  estimates 
of  N.  commune  were  evaluated  for  use  in  ecological  studies  of  habitat 
preference.  Specifically,  surface  area  and  weight  (biomass)  of  this  algae 
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Figure  1.  Sample  of  a  hydrated  colony  of  Nostoc  commune  on  limestone  substrate  in 
central  Texas.  Solid  bar  is  one  centimeter. 


were  measured  and  correlated.  Changes  in  algal  surface  area  were 
examined  and  compared  to  biomass  as  a  function  of  percent  hydration. 

Methods 

Nostoc  commune  Vauch.  is  a  soil  algae  of  world-wide  distribution  (Drouet,  1978).  It 
occurs  throughout  the  Edwards  Plateau  of  central  Texas  (personal  observation),  sometimes 
in  large  colonies  (Fig.  1).  Samples  of  N.  commune  were  collected  from  several  hilltop  sites 
on  the  Edwards  Plateau  of  south-central  Texas  (latitude  29° 40',  longitude  99° 26').  The 
macrovegetation  of  this  area  has  been  characterized  (Van  Auken  et  al.,  1981)  as  an  open 
scrub  juniper-oak-persimmon  forest.  All  samples  were  collected  from  open  areas  between 
the  woody  plants. 

Twenty-one  samples  of  thalli  were  dried,  weighed,  and  placed  in  glass  petri  dishes.  The 
dry  area  of  the  specimens  was  recorded  photographically.  Next,  the  algal  samples  were 
hydrated  with  deionized  water.  When  completely  hydrated,  excess  water  was  removed  and 
wet  weights  and  wet  areas  were  recorded  as  above.  Thalli  were  allowed  to  dry  at  28°  C  to 
a  constant  weight.  As  the  thalli  dehydrated,  131  paired  observations  of  weight  and  area 
were  made.  Approximately  seven  observations  were  made  for  each  of  the  21  samples  at  time 
intervals  ranging  from  45  minutes  to  two  hours.  Two-dimensional  surface  areas  were 
measured  from  black-and-white  photographic  prints  using  a  planimeter.  Areas  were 
measured  to  the  nearest  0.1  square  centimeter.  Data  reflect  area  changes  for  only  one  side 
of  the  thallus.  Regression  analyses  were  completed  according  to  Kleinbaum  and  Kupper 
(1978). 
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Figure  2.  Wet  thallus  weight  (g)  as  a  function  of  dry  thallus  weight  (g)  of  N.  commune 
(r  =  .86,  P<  0.001,  n  =  21). 


Results 

The  wet  and  dry  weights  of  N.  commune  were  directly  related  via  a 
linear  function  (Fig.  2).  The  regression  coefficient  of  the  above 
relationship  was  26.6  (Table  1),  which  indicated  that  the  wet  weight  of 
N.  commune  thallus  was  approximately  27  times  its  dry  weight.  The 
correlation  coefficient  for  this  relationship  was  0.86  and  highly  significant 
(PC  0.001). 

Thallus  surface  wet  area  and  wet  weight  were  also  directly  related  (Fig. 
3).  The  regression  coefficient  for  this  relationship  was  3.38  square 
centimeters  per  gram,  and  these  two  parameters  also  were  highly 
correlated  (r  =  0.94,  P  <  0.001,  Table  1).  In  addition,  thallus  dry  surface 
area  and  dry  weight  were  directly  related  (Fig.  3)  with  a  regression 
coefficient  for  the  relationship  of  29.68  square  centimeters  per  gram 
(Table  1).  These  two  parameters  were  highly  correlated  (r  =  0.94)  with 
a  P  value  of  <  0.001.  Surface  area-weight  relationships  between  the 
above  extremes  are  not  presented,  but  also  were  directly  related  and 
highly  correlated. 
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Figure  3.  Thallus  area  plotted  as  a  function  of  thallus  weight  for  dry  (•,  r  =  .94,  P  < 

0.001,  n  =  21)  and  wet  (A,  r  =  .94,  P<  0.001,  n  =  21)  samples  of  N.  commune. 

Because  thallus  area  is  dependent  on  the  degree  of  tissue  hydration, 
there  is  a  considerable  difference  between  wet  and  dry  thallus  area. 
Consequently,  the  amount  of  water  per  gram  of  dry  weight  that  is  lost 
by  the  algae  is  not  a  simple  linear  decrease  per  gram  dry  weight.  The 
percent  change  in  area  by  dehydrating  samples  of  N.  commune  appears 
to  be  a  log  function  of  the  percent  maximum  (wet)  weight  (Fig.  4).  The 
regression  coefficient  for  this  relationship  is  41.31  and  these  parameters 
are  highly  correlated  (r  =  0.94,  P  <  0.001,  Table  1).  When  N.  commune 
lost  90  percent  of  its  wet  weight,  surface  area  only  decreased  by  50 
percent. 


Discussion 

In  field  studies,  ecologists  often  are  forced  to  deal  with  a  large  amount 
of  natural  scatter  in  their  data.  This  is  true  whether  the  scatter  is  due 
to  variables  that  have  been  improperly  sampled,  subjected  to  chance 
events,  or  influenced  by  spatial  and  temporal  patterns  that  have  not  been 
considered.  In  this  instance,  the  quantification  of  macro-algae  by 
estimating  percent  cover  is  complicated  by  changes  in  surface  area  that 
occur  with  changes  in  thallus  hydration  level.  According  to  Goodall 
(1970),  when  high  variation  exists,  high  precision  in  measurement  is 
unrewarding  and  it  is  prudent  to  use  rapid  methods  of  visual  estimation, 
whenever  possible.  Furthermore,  sampling  errors  inherent  in  such 
procedures  are  minor  compared  to  natural  variances  if  methods  are 
preliminarily  and  occasionally  calibrated  against  formal  measurements  to 
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Table  1.  Regression  parameters  for  the  relationships  presented  in  the  text  and  figures. 
Regression  coefficient  (b),  y-intercept  (a),  correlation  coefficient  (r),  sample  size  (n), 
probability  values  ( P ). 


Dependent  variable 

b 

a 

r 

n 

P 

Wet  weight 

26.60 

-0.42  g 

0.86 

21 

<0.001 

Wet  area 

3.38  cmV 

3.41  cm2 

0.94 

21 

<0.001 

Dry  area 

Percent  maximum 

29.68  cm2-g“' 

0.44  cm2 

0.94 

21 

<0.001 

area 

41.31 

1.00% 

0.94 

131 

<0.001 

reduce  experimenter  bias.  High  variance  is  more  effectively  reduced  by 
increased  intensity  of  sampling  than  by  improved  precision. 

Surface  area  or  percent  cover,  a  rapidly  made  measurement,  can  be 
used  to  estimate  biomass  of  N.  commune  regardless  of  the  degree  of 
thallus  hydration.  This  may  be  accomplished  by  adjusting  percent  cover 
data  with  a  hydration  correction  factor  (H).  In  order  to  make  the 
corrections  to  dry  weight,  H  is  determined  experimentally  for  a  given 
hydration  level  by:  (1)  estimating  the  percent  cover  of  thallus  in  the  field 
and  converting  to  area;  (2)  collecting  arid  drying  several  specimens  and 
measuring  dry  area;  (3)  calculate  H  and  H  according  to  the  equations 

H  =  dry  area  of  ith  sample 
field  area  of  ith  sample 


and 


where  i  designates  the  ith  sample  for  the  H  determination  and  n  is  the 
number  of  samples;  (4)  convert  field  area  estimates  to  dry  area  with  H 
(dry  area  =  field  area  x  H);  and  (5)  calculate  the  dry  weight  of  algae 
present  in  sample  areas  using  the  equation  for  dry  weight  /  dry  area 


dry  wt  = 


dry  area  —  0.44 
29.66 


The  standard  deviation  for  H  may  be  used  to  indicate  the  precision  with 
which  the  biomass  is  estimated. 

As  with  many  opportunistic  algae  (Durrell  and  Shields,  1961;  Littler 
and  Littler,  1980),  the  thallus  of  N.  commune  is  simple  and  has  a  large 
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%  MAXIMUM  WEIGHT 

Figure  4.  Percent  maximum  thallus  area  (wet  area)  plotted  as  a  log  function  of  percent 

maximum  thallus  weight  (r  —  .94,  P<  0.001,  n  =  131). 

surface  area  to  volume  ratio.  This  is  reflected  in  the  linear  correlations 
between  weights  and  surface  areas  (Fig.  1).  Scatter  in  the  data  may  reflect 
morphological  differences  in  thalli  caused  by  algal  response  to  the  abiotic 
habitat  (Lazaroff,  1972;  Drouet,  1978).  Using  the  relationships  between 
area  and  weight,  described  above,  differences  between  thalli  are  averaged 
over  the  whole  population. 

Results  suggest  that  techniques  commonly  used  to  analyze  distribution 
of  macrovegetation  can  be  used  to  analyze  distribution  of  soil  macro¬ 
algae  with  morphologies  similar  to  N.  commune.  Specifically,  percent 
cover  measurements  obtained  from  quadrat  sampling  may  be  analyzed 
concurrently  with  abiotic  and  biotic  factors,  thus  habitat  preference  and 
niche  requirements  may  be  inferred  (Greig-Smith,  1952,  1983;  Kershaw, 
1957;  Whittaker,  1967;  Goodall,  1970). 

This  method  is  valuable  in  the  ecologic  investigations  of  soil  macro¬ 
algae  for  two  reasons.  First,  it  is  easier  to  estimate  percent  cover  in  the 
field  than  to  measure  variables  such  as  biomass,  photosynthesis, 
respiration,  or  nitrogen  fixation.  While  the  latter  may  be  important  to 
test  specific  points,  percent  cover  and  /  or  their  conversions  to  biomass 
estimates  represent  average  species  success  over  time  and,  therefore,  are 
quicker  and,  in  some  instances,  more  desirable  for  the  evaluation  of 
ecologic  position.  Second,  at  least  in  the  study  of  N.  commune ,  relative 
indicators,  such  as  frequency  and  percent  cover,  yield  as  much  useful 
information  on  the  biotic  potential  for  success  of  the  species  within  and 
between  habitats  as  do  the  above-mentioned  more  specific  indices. 
Relative  indicators  function  as  well  as,  or  better  than,  specific  measures 
because  the  biotic  success  per  unit  effort  is  readily  perceived  in  this 
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species.  Success  is  obviously  due  to  the  fact  that  favorable  conditions 
apparently  induce  relatively  lush  and  rapid  growth  (Drouet,  1978).  Thus, 
absolute  differences  caused  by  the  interaction  of  genetic  potential  with 
habitat  are  readily  observable — that  is,  this  method  is  sensitive  to  algal 
habitat  preference  and,  therefore,  environmental  differences  because  of 
algal  growth  strategies. 

It  is  interesting  that  a  species  such  as  N.  commune ,  which  requires  high 
available  moistures  before  any  metabolic  activity  is  initiated  (Cameron, 
1972;  Witty  et  al.,  1979),  should  respond  to  changes  in  hydration  with 
less  rapid  changes  in  surface  area  (Fig.  4).  The  high  water  requirement 
of  this  species  was  expected  to  show  an  evolutionary  strategy  of  rapid 
changes  in  surface  area  for  slight  losses  of  water.  Such  a  strategy  could 
conserve  water  by  decreasing  the  evaporative  surface.  Perhaps,  the 
described  relationship  between  weight  (water  content)  and  area  reflects  a 
surface  area  requirement  for  increased  photic  exposure  or  nutrient 
uptake.  In  any  case,  the  tremendous  amount  of  water  initially  imbibed 
by  the  thallus  may  serve  as  a  reservoir.  Therefore,  the  high  moisture  level 
may  be  required  not  only  to  initiate  metabolic  activity,  but  also  to  ensure 
the  metabolism  continues  despite  evaporative  losses  from  the  larger 
surface  areas  which,  in  turn,  are  necessary  for  other  reasons. 
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Abstract. — A  survey  of  high  school  sociology  teachers  in  Texas  was  conducted  with  a 
questionnaire  mailed  to  more  than  300  school  districts  in  the  state.  Information  was 
gathered  on  the  content  of  the  course,  the  preparation  of  the  teachers,  and  their  perception 
of  sociology  at  the  high  school  level.  Teachers  also  were  asked  to  comment  on  the  recently 
revised  “Guidelines  for  Curriculum”  provided  by  the  Texas  Education  Agency.  Key  words : 
high  school  sociology;  Texas. 

Starting  in  the  mid-1970’s,  members  of  the  Department  of  Sociology 
at  Southwest  Texas  State  University  have  been  conducting  workshops  for 
teachers  of  high  school  sociology  in  Texas.  These  experiences  with 
secondary  teachers  of  sociology  indicate  that  teaching  sociology  in  the 
high  school  is  both  similar  to,  and  different  from,  teaching  sociology  at 
the  college  level.  Although  the  content  of  courses  is  similar,  the  manner 
in  which  the  information  is  conveyed  reflects  a  greater  emphasis  on 
techniques  than  on  content  itself. 

In  the  early  1980’s,  some  members  of  the  faculty  in  the  department 
began  research  concerning  the  teaching  of  public  school  sociology  on  a 
nationwide  basis.  Questionnaires  were  mailed  to  a  random  sample  of 
more  than  500  high  school  principals  across  the  United  States  (Short  and 
Matlock,  1982;  Matlock  and  Short,  1983a).  Of  those  responding,  more 
than  70  percent  indicated  that  one  or  more  courses  in  sociology  were 
offered  in  their  schools.  The  primary  goal  of  this  survey  was  to  gain 
information  about  the  nature  and  distribution  of  sociology  courses  at  the 
high  school  level  in  the  United  States.  Analysis  of  these  data  has  led  to 
further  research  on  the  performance  of  high  school  sociology  students 
when  they  reach  college  (Matlock  and  Short,  1983b). 

King  (1982)  indicated  that  we  are  faced  with  two  different  issues  when 
we  approach  the  realm  of  public  school  sociology  courses.  The  first 
problem  relates  to  obtaining  a  wider  acceptance  of  sociology  in  the  public 
schools.  Although  we  agree  with  King  that  this  is  an  important  issue,  our 
initial  national  survey  indicated  that  sociology  was  in  fact  taught  in  a 
significant  number  of  schools  nationwide.  The  second  problem  mentioned 
by  King  was  in  reference  to  the  quality  of  sociology  presented  in  the 
schools.  King  argued  that  leaders  in  our  discipline  must  find  ways  to 
assist  in  improving  the  quality  of  instruction  in  high  school  sociology. 
Again,  this  is  a  worthwhile  goal,  but  we  still  have  a  more  fundamental 
problem  with  which  to  deal.  That  is,  we  are  not  in  a  position  at  the 
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present  to  make  statements  about  the  quality  of  high  school  sociology 
because  we  know  too  little  about  the  actual  course  content  and  the  ways 
in  which  courses  are  taught.  This  is  the  major  focus  of  the  present 
research. 

At  the  present  time  the  State  Board  of  Education  offers  two  options 
for  certification  in  sociology.  One  is  a  36-hour  option  and  the  other  is 
a  24-hour  option  (Texas  Education  Agency,  1984b).  The  actual 
curriculum  required  in  sociology  by  the  Texas  Education  Agency  is  listed 
in  the  publication  titled  State  Board  of  Education  Rules  for  Curriculum: 
Principles,  Standards,  and  Procedures  for  Accreditation  of  School 
Districts  (Texas  Education  Agency,  1984a).  These  rules  clearly  state  that 
there  are  essential  applications  for  the  social  studies.  Students  should  be 
given  the  opportunity  to  “locate  and  gather  information,  distinguish  fact 
from  opinion,  analyze  information. ..and  perceive  cause-effect 
relationships”  (Texas  Education  Agency,  1984a).  The  same  publication 
also  lists  the  required  course  content  for  a  one-half  unit  sociology  course 
in  terms  of  what  the  Texas  Education  Agency  refers  to  as  “essential 
elements,”  that  is,  the  sociological  concepts,  knowledge,  and  skills 
deemed  to  learning  essentials. 


Methods 


The  Sample 

Although  the  Texas  Education  Agency  no  longer  maintains  records  on  individual  high 
school  sociology  teachers,  TEA  does  have  a  record  of  each  school  district  in  the  state  in 
which  sociology  is  offered.  With  the  cooperation  of  TEA,  a  mailing  list  was  compiled  that 
covered  every  school  district  in  the  state  of  Texas  in  which  sociology  was  offered.  Three 
hundred  thirty-five  questionnaires  were  mailed  with  the  request  that  the  instrument  be 
delivered  to  the  person  or  persons  who  teach  sociology.  All  questionnaires  were 
accompanied  by  a  postage-paid  return  envelope.  Although  the  names  and  addresses  of 
teachers  were  requested,  we  asked  that  the  questionnaire  be  completed  and  returned  even 
if  the  respondent  wished  to  remain  anonymous. 

The  Instrument 

The  categories  of  data  gathered  included  (1)  demographic  characteristics  of  the  sociology 
teachers,  (2)  characteristics  of  the  courses  they  teach,  (3)  sources  of  outside  assistance  they 
use  or  would  like  to  use,  (4)  the  perceived  reputation  of  sociology,  and  (5)  the  opinion  of 
teachers  of  the  components  pf  the  high  school  sociology  course  as  specified  in  the  current 
TEA  guidelines. 

The  demographic  data  covered  age,  sex,  ethnicity,  and  such  professional  qualifications  as 
years  of  teaching  experience,  highest  degree  held,  and  hours  completed  in  sociology. 
Teachers  were  also  asked  the  number  of  classes  taught  per  year,  the  total  number  of 
students,  what  topics  were  covered  in  the  courses,  and  what  supplementary  materials  were 
used. 

Respondents  were  asked  what  type  of  assistance  they  received  or  might  like  to  have  from 
various  sources,  including  four-year  colleges  and  universities,  the  Texas  Education  Agency, 
and  the  American  Sociological  Association.  The  reputation  of  sociology  was  assessed  by 
asking  teachers  how  they  perceived  the  discipline,  as  well  as  how  their  students  and  their 
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colleagues  perceived  it.  They  also  were  asked  if  they  would  advise  a  student  to  major  in 
sociology  in  college. 

To  determine  teachers’  opinions  of  the  “characteristics  and  essential  elements”  required 
by  the  Texas  Education  Agency  for  all  high  school  sociology  courses,  a  list  of  these 
elements  was  included  in  the  questionnaire.  Teachers  were  asked  to  identify  those  elements 
they  agreed  should  be  a  part  of  the  course. 

Results 

Return  Rate 

Of  the  335  questionnaires  mailed  out  only  86  were  returned  in  time  for 
this  analysis,  a  return  rate  of  25.7  percent.  This  is  a  disappointing  return 
rate;  however,  it  is  not  difficult  to  understand,  because  the  questionnaires 
could  not  always  be  mailed  directly  to  teachers.  In  most  cases  we  had 
to  rely  on  the  school  district  office  to  see  to  it  that  the  questionnaire 
reached  the  correct  teacher.  Viewed  quantitatively  the  return  rate  is  only 
one-fourth;  however,  qualitatively  we  have  more  information  than  that. 
In  1983,  the  Texas  Education  Agency  reported  that  10,200  students  took 
sociology  in  Texas  high  schools.  Our  86  teachers  reported  a  total 
enrollment  of  6250  in  all  their  classes  in  1984-85,  61  percent  of  the  TEA 
total  for  the  previous  year. 

Demographics 

Respondents  ranged  in  age  from  their  twenties  to  their  sixties,  with  a 
median  age  of  slightly  more  than  37  years.  Almost  two-thirds  were  female 
and  almost  90  percent  identified  themselves  as  Caucasian.  Slightly  more 
than  half  held  master’s  degrees,  but  not  necessarily  in  sociology.  There 
were  no  doctorates  in  the  sample.  The  teachers  averaged  almost  1 1  years 
of  high  school  teaching  experience  and  more  than  five  and  one-half  years 
of  experience  in  teaching  sociology. 

Although  the  education  background  of  these  teachers  varied,  they 
averaged  more  than  15  semester  hours  of  undergraduate  sociology  and 
all  but  four  of  them  had  some  college  hours  in  sociology.  On  the  other 
hand,  no  more  than  one-third  of  the  teachers  had  enough  undergraduate 
hours  for  a  major  in  sociology.  At  the  graduate  level,  the  preparation  was 
more  limited.  Slightly  more  than  half  the  respondents  reported  no 
graduate  work  in  sociology.  Even  though  more  than  half  held  some 
graduate  degree,  only  four  of  the  86  people  had  completed  enough 
graduate  hours  in  sociology  for  their  degrees  to  be  in  that  field. 

The  High  School  Course 

In  all  but  five  of  the  high  schools  represented,  there  was  only  one 
sociology  teacher.  Almost  all  the  teachers  had  a  one-semester  course  and 
more  than  half  taught  only  two  sociology  courses  per  year,  indicating 
that  this  was  only  a  small  part  of  their  teaching  responsibilities.  The 
typical  sociology  teacher  in  high  school  had  about  50  students  a  year,  but 
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Table  1.  Sociology  topics  ranked  by  percent  of  responding  teachers  who  covered  each 
topic. 


Rank 

Topic 

Do 

cover 

topic 

Do  not 

cover 

topic 

Total 

N 

Percent 

covering 

topic 

I 

Family 

84 

2 

86 

97.7 

2 

Sex  roles 

82 

3 

85 

96.5. 

3 

Values  and  attitudes 

81 

3 

84 

96.4 

4 

Stratification 

78 

8 

86 

90.7 

5 

Collective  behavior 

75 

9 

84 

89.3 

6 

Crime 

73 

13 

86 

84.9 

7 

Research  methods 

69 

16 

85 

81.2 

8 

Deviant  behavior 

67 

18 

85 

78.8 

9 

Lifestyles 

66 

18 

84 

78.6 

10 

Aging 

61 

22 

83 

73.5 

11 

Community/urban  sociology 

55 

29 

84 

65.5 

12 

Social  psychology 

46 

35 

81 

56.8 

13 

Death  and  dying 

37 

45 

82 

45.1 

14 

Demography 

35 

45 

80 

43.8 

15 

Work  and  occupations 

29 

52 

81 

35.8 

16 

Social  work 

23 

59 

82 

28.0 

17 

Sport  and  leisure 

6 

71 

77 

7.8 

the  reported  total  ranged  from  a  low  of  10  to  a  high  of  300  students  per 
year. 

Four  text  books  were  approved  for  use  in  the  high  school  sociology 
course  by  the  Texas  Education  Agency.  The  most  widely  adopted  text 
was  Peck  and  Krieger  (1980),  used  by  almost  half  the  teachers  who 
identified  their  text.  It  was  followed  by  Landis  (1977),  used  by  just  under 
one-fourth  of  the  teachers.  The  remaining  two  textbooks  (Rose  et  al, 
1978;  Thomas  and  Anderson,  1977)  shared  slightly  less  than  30  percent 
of  the  market. 

As  illustrated  in  Table  1,  the  topic  most  widely  taught  throughout  high 
school  sociology  courses  in  Texas  was  the  sociology  of  the  family, 
followed  closely  by  sex  roles,  and  then  by  values  and  attitudes. 
Stratification,  collective  behavior,  crime,  research  methods,  life  styles, 
aging,  community  and  urban  sociology,  and  social  psychology  were 
taught  by  more  than  half  of  the  respondents.  Two  traditional  core  areas 
in  sociology — work  and  occupations,  and  demography — along  with  a 
number  of  less  traditional  topics,  such  as  sport  and  leisure  and  death  and 
dying  were  taught  by  fewer  than  half  the  teachers. 

Only  one-fifth  of  the  teachers  reported  that  they  took  their  classes  on 
field  trips.  Of  those  who  did,  the  most  popular  sites  were  the  “jail  and  / 
or  courthouse”  and  “state  hospitals.”  Although  field  trips  were  not 
frequently  used,  there  was  widespread  use  of  supplementary  materials  in 
addition  to  the  textbook.  As  can  be  seen  in  Table  2,  newspapers  were 
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Table  2.  Types  of  supplementary  materials 
using  each  type. 

ranked 

by  percent 

of  teachers 

who  reported 

Rank 

Supplementary  material 

Do 

use 

Do  not 

use 

Total 

N 

Percent 

who  do 

use 

1 

Newspapers 

80 

4 

84 

95.2 

2 

Audio-visual  aids 

80 

5 

85 

94.1 

3 

News  magazines 

77 

5 

82 

93.9 

4 

Popular  magazines 

60 

13 

73 

82.2 

5 

Professional  journals 

36 

44 

80 

45.0 

6 

Computer-aided  instruction 

6 

67 

73 

8.2 

the  most  popular  supplement,  followed  closely  by  audio-visual  aids. 
Magazines  covering  both  news  and  popular  topics  also  were  used  by  a 
large  percentage  of  the  teachers.  Professional  journals  were  used  in  fewer 
than  half  the  high  school  classrooms,  and  computer-aided  instruction  was 
little  used. 

Only  about  one-fifth  of  the  teachers  reported  that  they  made  use  of  the 
resource  centers  provided  by  the  Texas  Education  Agency  and  those  who 
did  reported  that  they  used  TEA  primarily  as  a  source  of  films  and  other 
audio-visual  aids.  Only  three  teachers  had  ever  used  any  of  the  materials 
provided  by  the  American  Sociological  Association. 

All  but  two  of  the  teachers  indicated  that  a  college  or  university  could 
be  of  help  to  a  high  school  sociology  teacher,  primarily  by  conducting 
workshops  or  by  bringing  consultants  to  the  high  school  campus.  Among 
those  indicating  an  interest  in  workshops,  more  than  half  indicated  they 
would  like  to  see  those  that  (1)  give  examples  of  various  teaching 
techniques  and  strategies,  (2)  offer  examples  of  teaching  aids  that  can  be 
used  in  the  high  school  classroom,  (3)  provide  information  on  how  to 
make  sociology  more  applicable  to  the  student,  or  (4)  provide  substantive 
information  about  the  latest  research  findings  in  the  field  of  sociology. 

Perceptions  and  Attitudes  of  Teachers 

More  than  90  percent  of  the  teachers  responding  reported  that  the 
reputation  of  sociology  from  their  own  point  of  view  was  either  “good” 
or  “excellent”  and  more  than  80  percent  thought  their  students  felt  the 
same  way.  When  asked  how  their  fellow  teachers  felt,  however,  the 
picture  was  somewhat  different.  Only  two-thirds  thought  that  the 
reputation  of  sociology  among  their  colleagues  was  “good”  or  “excellent” 
and  only  eight  of  those  teachers  (9.5  percent)  thought  their  colleagues 
would  rate  sociology  as  “excellent.” 

In  one  respect,  these  teachers  appeared  to  be  acting  upon  their 
perception  of  sociology.  Slightly  more  than  60  percent  indicated  they 
would  advise  a  student  to  major  in  sociology  in  college.  Some  did  qualify 
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Table  3.  Perceptions  of  high  school  sociology  teachers  of  the  characteristics  and  essential 
elements  of  the  high  school  sociology  course,  as  mandated  by  the  Texas  Education 
Agency,  ranked  by  percent  of  the  teachers  agreeing  with  each  element. 


Rank 

Topic 

Agree 

Disagree 

Total 

N 

Percent 

agreeing 

1 

Group  interactions 

78 

0 

78 

100.0 

2 

Define  sociology 

77 

1 

78 

98.7. 

3 

Folkways  and  mores 

77 

1 

78 

98.7 

4 

Social  change 

77 

1 

78 

98.7 

5 

Socialization 

76 

1 

77 

98.7 

6 

Understand  terminology 

76 

2 

78 

97.4 

7 

Social  institutions 

76 

2 

78 

97.4 

8 

Tools  and  techniques 

75 

3 

78 

96.2 

9 

Impact  of  the  media 

75 

3 

78 

96.2 

10 

Roles  of  people 

74 

4 

78 

94.9 

11 

Science  and  technology 

72 

5 

77 

93.5 

12 

Cultural  diffusion 

72 

6 

78 

92.3 

13 

Propaganda  techniques 

68 

9 

77 

88.3 

14 

Social  problems 

65 

1 1 

76 

85.5 

15 

Symbolic  communications 

64 

11 

75 

85.3 

their  answers  by  indicating  they  had  some  reservations,  or  that  they 
would  only  recommend  sociology  with  an  appropriate  minor,  or  only  if 
it  included  an  emphasis  on  research  skills.  Of  those  who  reported  they 
would  not  recommend  sociology,  the  most  common  explanation,  by  far, 
was  the  limited  job  market  and  the  low  pay  associated  with  the  field. 

State  Standards 

As  Table  3  illustrates,  there  is  relatively  little  variation  in  the  attitudes 
of  teachers  toward  the  “characteristics  and  essential  elements”  of  the  high 
school  sociology  course  specified  in  the  Texas  Education  Agency  rules. 
Most  of  the  teachers  agreed  with  most  of  the  elements  specified.  Only 
one  teacher  agreed  with  as  few  as  nine  of  the  15  elements  and  almost 
60  percent  of  those  responding  agreed  with  all  of  them.  The  pattern  of 
agreement  is  of  some  interest,  however.  The  only  unanimous  choice  was 
“group  interactions,”  with  which  every  teacher  who  responded  to  the 
question  agreed.  Most  of  the  other  topics  were  agreed  to  by  more  than 
90  percent  of  those  responding.  It  is  not  until  the  last  three  topics, 
“propaganda  techniques,”  “social  problems,”  and  “symbolic  communica¬ 
tion,”  were  reached  that  the  percent  agreeing  with  the  element  dropped 
below  90. 


Conclusions 

Both  implications  for  action  and  additional  research  questions  arise 
from  our  analysis.  The  first  issue  is  the  preparation  of  teachers  to  teach 
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the  high  school  course.  Although  certainly  a  generalization,  it  is  possible 
to  summarize  the  preparation  level  of  teachers  in  the  sample  as  the 
equivalent  of  a  minor  in  sociology  rather  than  a  major.  It  would  not  be 
fair  to  assume  that  teachers  of  high  school  sociology  in  the  State  of 
Texas  are  poorly  prepared;  however,  the  majority  are  not  as  well 
prepared  as  they  might  be.  Coupled  with  the  fact  that  almost  all  of  the 
respondents  thought  that  a  college  or  university  might  be  of  help  by 
conducting  workshops,  this  information  suggests  a  possible  service 
function  for  Texas  colleges  and  universities. 

The  topics  covered  in  coursework  by  the  majority  of  the  respondents 
are  also  of  interest.  Aside  from  the  fact  that  topics  such  as  the  family, 
sex  roles,  and  value  systems  are  core  areas  for  the  discipline,  they  also 
address  issues  that  concern  young  people.  High  school  students  are  in  the 
process  of  forming  their  own  value  systems.  Roles  in  general,  and 
particularly  modern  sex  roles,  constitute  crucial  decision-making  arenas 
into  which  these  young  people  are  being  thrust  as  they  prepare  for  college 
or  the  work  force.  A  frank  and  detailed  discussion  of  typical  family 
problems  and  possible  solutions  is  appropriate  for  young  people  at  this 
stage  in  their  lives.  Conscientious  teachers  may  be  choosing  to  emphasize 
areas  that  they  feel  are  crucial  to  the  student  at  this  particular  point  in 
the  educational  process. 

At  the  present  time,  we  are  working  to  etablish  a  network  of  high 
school  sociology  teachers  and  interested  college  faculty  within  the  state. 
This  network  should  give  us  a  chance  to  ask  some  of  the  in-depth 
questions  that  are  difficult  (if  not  impossible)  to  include  in  mailed 
questionnaires.  It  also  would  provide  an  opportunity  to  correct 
misinformation  held  by  other  high  school  instructors  about  the  field  of 
sociology.  Our  respondents  reported  that  their  colleagues  have  an 
impression  of  sociology  that  gives  the  discipline  a  less  than  outstanding 
rating.  It  would  be  important  to  know  where  these  other  teachers  have 
received  their  information  about  sociology  and  what  types  of  criteria  they 
are  using  to  make  judgments. 

The  fact  that  almost  two-fifths  of  the  high  school  teachers  would  not 
recommend  that  a  student  major  in  sociology  is  another  concern. 
Concern  about  the  job  market  is  certainly  legitimate;  however,  we  suspect 
that  many  may  not  be  aware  of  the  most  current  information  on  the  job 
market  for  sociology  graduates.  We,  as  college  faculty  members,  should 
attempt  to  ascertain  whether  those  who  are  teaching  public  school 
courses  in  our  discipline  are  really  aware  of  current  job  prospects  for 
well-trained  sociology  graduates,  or  whether  they  are  perhaps  acting  more 
on  stereotypical  impressions.  More  direct  contact  would  give  us  a  chance 
to  assess  the  knowledge  and  attitudes  of  high  school  sociology  teachers 
in  Texas. 
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MANNICH  BASES  DERIVED  FROM 
l-PHENYL-2-(P-CHLOROPHENYL)  INDOLIZINE 


James  Guilford  and  William  B.  Harrell 

School  of  Pharmacy,  Texas  Southern  University,  Houston,  Texas  77004 

Abstract. — Eleven  new  Mannich  bases,  involving  a  series  of  secondary  amines  and  1- 
phenyl-2-(p-chlorophenyl)  indolizine  have  been  synthesized  as  potential  biologically  active 
compounds.  The  Mannich  reaction  is  an  important  reaction  in  natural  product  synthesis. 
Key  words:  indolizine  heterocycline  system;  Mannich  reaction. 

Interest  in  the  fundamental  chemistry  of  the  indolizine  heterocycline 
system  has  been  generated  by  the  publications  of  Galbraith  et  al.  (1959); 
Boekelheide  and  Miller  (1961);  Boekelheide  and  Windgassen  (1959);  and 
Swinbourne  et  al.  (1978).  Indolizine  is  an  important  ring  system  in  view 
of  its  similarity  to  indole.  Like  indole,  it  has  a  delocalized  10  7r-electron 
system  that  confers  aromaticity,  in  contrast  to  its  analogs,  pyrrolizine  and 
quinolizine.  Consequently,  it  is  of  theoretical  and  practical  interest. 

Apart  from  academic  interest  in  its  synthesis  and  properties,  most  of 
the  work  on  indolizine  has  been  concerned  with  the  search  for  drugs  (that 
is,  synthesis  of  indolizine  analogs  of  indole  derivatives,  which  are  widely 
distributed  in  nature),  for  dyestuffs,  and  for  light  screening  agents  in 
photographic  emulsions.  Here  we  present  methology  for  the  preparation 
of  12  Mannich  bases  of  l-phenyl-2-(p-chlorophenyl)  indolizine. 

Experimental  Results 

The  intermediate  pyridinium  bromide  was  prepared  by  mixing  a- 
bromo-p-chloroacetophenone  with  an  approximately  five  percent  molar 
excess  of  2-benzylpyridine  (Scheme  1).  The  mixture  was  liquified  on  a 
steam  bath,  allowed  to  cool  to  room  temperature,  and  then  refrigerated 
for  three  to  five  days  under  an  atmosphere  of  dry  nitrogen.  The  resulting 
tan  cake  was  dissolved  in  a  minimum  volume  of  hot  95  percent  methanol, 
and  the  solution  was  refrigerated  for  three  days.  Precipitation  of  the 
quaternary  salt  was  promoted  by  concentration  of  the  methanolic 
solution  under  reduced  pressure  and  the  addition  of  anhydrous  ether.  The 
salt  formed  was  an  off-green  powdery  substance.  Recrystallization  was 
accomplished  from  boiling  acetone. 

Ring  closure  was  achieved  by  adding,  over  a  period  of  ten  minutes,  1.5 
moles  of  sodium  bicarbonate  to  an  aqueous  solution  of  0.24  moles  of  the 
p-chlorophenyl-2-benzypyridinum  bromide.  The  solution  was  stirred  for 
two  hours  at  a  temperature  of  80-85  C°.  The  indolizine  was  filtered  and 
recrystallized  from  hot  ethanol. 
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Table  1.  Mannich  bases  derived  from  l-phenyl-2-(p-chlorophenyl)  indolizine. 
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A  mixture  containing  formaldehyde  (0.05  moles),  the  secondary  amine 
(0.05  moles)  and  20-30  milliliters  of  dimethylformamide  was  stirred  at 
room  temperature  for  30  minutes.  The  indolizine  (0.01  moles)  was  then 
dissolved  in  the  mixture  and  stirring  was  continued  for  two  to  three 
hours  (Scheme  2).  In  most  cases  the  product  crystallized  out  during  the 
stirring  process.  Recrystallization  was  from  methanol  or  ethanol.  The 
Mannich  bases  prepared  are  shown  in  Table  1. 
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ELECTRICAL  NOISE  IN  A 
NORMAL  LABORATORY  ENVIRONMENT 
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Department  of  Physics,  University  of  Texas  at  El  Paso,  El  Paso,  Texas  79968-0515 

Abstract. — Electrical  noise  is  almost  intrinsic  to  the  normal  laboratory  environment.  In 
our  laboratory  the  noise  is  due  primarily  to  fluorescent  lighting  operating  on  the  60  Hz 
A.C.  power  line  and  microphonic  vibrations  of  the  ventilation  ducts.  Magnitude  of  the 
noise  at  60  Hz  can  reach  3.3  mV.  Key  words :  laboratory  electrical  noise. 


Much  scientific  research  involves  measurement  of  small  electrical 
potentials,  which  can  be  obscured  by  the  electrical  noise  characteristic  of 
the  laboratory  environment.  To  better  define  the  noise  problem,  we 
measured  ambient  electrical  signals  associated  with  the  fluorescent 
lighting  and  microphonic  vibrations  of  the  ventilation  ducts  mounted  on 
the  ceiling  of  a  typical  research  laboratory  at  the  University  of  Texas  at 
El  Paso. 

Electrical  noise  data  were  collected  using  a  waveform  analyzer  (Model 
D6000,  Analogic  Corporation)  that  measured  the  difference  in  potential 
between  itself  and  a  probe  placed  in  air  1.2  meters  away.  The  same 
instrument  also  digitized  the  analog  data  at  a  rate  of  1  KHz  with  a 
resolution  of  14  bits.  The  uncertainty  of  the  instrument  is  20  pW.  The 
curves  in  Figure  1  represent  data  taken  in  a  time  span  of  2.04  seconds 
under  the  following  conditions:  Curve  a — ventilation  off,  lighting  off; 
Curve  b — ventilation  on,  lighting  off;  Curve  c — ventilation  off,  lighting 
on;  and,  Curve  d — ventilation  on,  lighting  on.  Figure  2  represents  the 
corresponding  fast-Fourier-transformed  curves  using  the  waveform 
analyzer’s  built-in  mathematical  subroutine. 

Curve  a  in  Figure  1  shows  that  there  was  a  background  noise  of  a 
magnitude  515  peak-to-peak.  It  might  have  been  caused  by  the  A.C. 
power  line  that  energized  the  waveform  analyzer  given  that  the  power 
spectrum  had  a  pronounced  peak  at  60  Hz  (the  power  frequency),  as 
shown  in  Curve  a  of  Figure  2. 

Adding  ventilation  noise  increased  the  peak-to-peak  ambient  electrical 
signal  to  1062  (Curve  b,  Fig.  1).  The  power  spectrum  (Curve  b,  Fig. 
2)  showed  increases  of  the  60  Hz  component  as  well  as  of  other 
frequencies  not  present  with  both  ventilation  and  lighting  off  (Curve  a, 
Fig.  2).  Because  the  noise  signals  were  not  harmonics  of  60  Hz,  they 
probably  were  microphonic  in  origin. 

Turning  off  the  ventilation  while  the  fluorescent  lighting  was  on 
produced  an  even  noisier  environment,  1812  peak-to-peak  (Curve  c, 
Fig.  1).  The  noise  was  mainly  60  Hz  and  its  odd  harmonics  (Curve  c, 
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Figure  I.  Electrical  noise  in  a  typical  laboratory  under  various  conditions:  curve  a — 
ventilation  off,  lighting  off;  curve  b — ventilation  on,  lighting  off;  curve  c — ventilation 
off,  lighting  on;  and,  curve  d — ventilation  on,  lighting  on. 

Fig.  2),  which  is  similar  to  the  findings  of  Katila  (1981)  on  magnetic 
noise.  Interestingly,  the  Fourier-transformed  coefficients  of  60,  180,  300, 
and  420  followed  the  power  law, 

Fourier  coefficient  a  (frequency)-0'62, 

indicating  that  these  signals  came  from  the  same  source,  probably  the 
step-up  transformer  in  the  fluorescent  fixture,  which  gives  a  square 
magnetization  curve  with  odd  Fourier  coefficients.  This  effect  is  similar 
to  the  1/f  dependence  reported  by  Kobayashi  and  Musha  (1982). 

When  the  two  noise  sources  were  both  present,  peak  to  peak  noise 
increased  to  3.307  mV  (Curve  d,  Fig.  1).  The  same  frequency  dependence 
for  the  Fourier  coefficients  of  60,  180,  300,  and  420  Hz  signals  also  was 
observed  (Curve  d,  Fig.  2). 

In  conclusion,  fluorescent  lighting  and  microphonic  vibrations  in  the 
ventilation  ducts  of  a  typical  laboratory  can  generate  considerable 


Noise  Voltage 
(mV) 


1  1 

AA/H  AAaAtVa  1 

A  y1  y  vf'W  V  Itfw  | 

Curve  b 

/WWW 

Al  IV  ifll  JM  A  .pi 

V  1 

3urve  c 

JUr i 

HW  is 

( 

f. 

nfl 

3urve  d 

1  r\ 

i 

V 

i 

0.02  second 


Time 


LABORATORY  ELECTRICAL  NOISE 


39 


Fourier  Coefficient 

(MV) 


100 

0 

100 

0 

400 

300 

200 

100 

0 

400 

300 

200 

100 

0 


Curve  a 


Curve  b 

1 _ 


Curve  c 


Curve  d 


(JjL-  LaAaJL^.  JlJLuL  -T 


500 

— h 


Frequency  (Hz) 


Figure  2.  Frequency  spectrum  of  electrical  noise  curves  shown  in  Figure  I.  Spectra  were 
computed  by  fast-Fourier  transformation  of  the  electrical  signals. 


electrical  noise;  such  an  environment  is  unfavorable  for  measurements 
requiring  an  accuracy  of  more  than  1800  /tV. 

Support  for  this  project  from  the  Department  of  Physics  and  other 
elements  of  the  University  of  Texas  at  El  Paso  is  gratefully 
acknowledged. 
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AN  ANNOTATED  KEY  TO  ISOLATED  TRUNK  VERTEBRAE 
OF  ELA PHE  (COLUBRIDAE)  SPECIES  OCCURRING  IN  TEXAS 
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Abstract. — Three  species  (one  with  two  subspecies)  of  Elaphe  occur  in  Texas  ( Elaphe 
subocularis,  E.  obsoleta  lindheimeri,  E.  o.  bairdi,  and  E.  guttata).  Isolated  vertebrae  of 
Elaphe  are  relatively  common  in  Texas  Pleistocene  fossil  beds  and  in  the  leavings  and 
droppings  of  predaceous  animals.  This  paper  provides  criteria  to  aid  in  the  identification 
of  isolated  vertebrae  of  Texas  Elaphe.  In  contrast  to  reports  by  others,  the  vertebrae  from 
large  E.  o.  lindheimeri  can  be  separated  from  those  of  E.  guttata  on  the  basis  of  neural 
spine  height,  but  this  does  not  hold  true  for  smaller  individuals  of  E.  o.  lindheimeri.  E. 
subocularis  vertebrae  are  distinct  from  those  of  the  other  three  taxa  in  having  moderately 
depressed  neural  arches  and  in  being  nearly  square  in  shape.  Vertebrae  of  E.  o.  bairdi  differ 
in  having  relatively  low  neural  spines  as  well  as  in  other  minor  details.  Key  words:  trunk 
vertebrae;  Elaphe;  Texas. 

Information  on  specific  identification  of  Elaphe  vertebrae  is  scattered 
through  various  taxonomic  discussions  and  descriptions  of  fossil  snakes 
(Hill,  1971;  Holman  1979,  1981;  Parmley,  1985;  Rogers,  1976,  1984).  The 
present  work  consolidates  pertinent  information  from  existing  literature 
and  presents  new  data  to  aid  in  the  identification  of  isolated  vertebrae 
of  the  species  of  Elaphe  occurring  in  Texas. 

More  species  (one  with  two  subspecies)  of  Elaphe  occur  within  Texas 
than  in  any  other  state;  these  are  Elaphe  subocularis,  E.  guttata,  E. 
obsoleta  lindheimeri,  and  E.  o.  bairdi.  Isolated  vertebrae  of  these  snakes 
often  are  found  in  Texas  fossil  sites,  as  well  as  in  the  stomachs  or 
droppings  of  predaceous  reptiles,  birds,  and  mammals.  The  following 
dichotomous  key  to  isolated  Elaphe  vertebrae  has  proven  useful  for 
identifying  them  to  species  when  used  in  conjunction  with  published 
descriptions  and  figures  of  Elaphe  vertebrae  and,  most  importantly,  with 
adequate  comparative  skeletal  material.  While  it  is  not  possible  to  make 
positive  identifications  in  all  instances,  determination  as  to  species  often 
can  be  made  with  confidence. 

Diagnostic  Value  and  Terminology  of  Snake  Vertebrae 

Auffenberg  (1963)  discussed  in  detail  the  ontogenetic,  geographic,  and 
individual  variation  in  snake  vertebrae,  their  diagnostic  value,  and 
problems  associated  with  the  specific  identification  of  individual 
vertebrae.  Holman  (1979)  referred  to  three  regions  of  the  snake  vertebral 
column — cervical,  trunk,  and  caudal — and  discussed  the  features  that 
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separate  them.  Holman  and  Auffenberg  agreed  that  trunk  vertebrae  are 
the  most  diagnostic  for  identification.  Because  subspecific  and  possible 
geographic  variation  exist  in  some  of  the  characters  discussed  here,  only 
characteristics  of  mid-trunk  vertebrae  of  adult  snakes  collected  in  Texas 
were  analyzed,  which  allowed  objective  comparisons  to  be  made. 

Brattstrom  (1955),  Holman  (1959,  1970),  and  Auffenberg  (1963)  have 
referred  to  characters  that  usually  will  separate  Elaphe  vertebrae  from 
those  of  similar  genera  ( Lampropeltis  and  Pituophis ).  Auffenberg  (op. 
cit.)  and  Rogers  (1976,  1984)  listed  diagnostic  vertebral  characters  for 
Elaphe  guttata ,  and  Auffenberg  (op.  cit.)  provided  vertebral  characters 
for  E.  obsoleta  (other  than  E.  o.  bairdi ).  Parmley  (1985)  discussed 
characters  that  separate  the  vertebrae  of  E.  o.  lindheimeri  from  those  of 
E.  o.  bairdi.  To  my  knowledge,  diagnostic  vertebral  characters  for  E. 
subocularis  have  not  heretofore  been  presented. 

Terminology  used  in  this  key  follows  Auffenberg  (1963)  and  the 
following  abbreviations  are  used:  nh,  neural  spine  height;  nlu,  neural 
spine  length  along  the  dorsal  edge;  cl  /  naw,  centrum  length  to  neural  arch 
width  ratio;  nh  /  cl,  neural  spine  height  to  centrum  length  ratio.  The 
height  of  the  neural  spine  is  the  single  most  significant  taxonomic 
character  for  separating  Elaphe  vertebrae  to  species.  Because  vertebral 
growth  occurs  with  age,  the  nh  /  cl  ratio  (less  discriminatory  than  absolute 
measurements)  is  used  here  as  a  reference  index  with  which  to  compare 
measurements  of  neural  spine  height.  The  cl /naw  ratio  is  used  to  express 
the  relative  length  of  a  vertebra  in  relation  to  its  width.  A  cl  /  naw  value 
of  1.0  indicates  a  vertebra  that  is  square  in  appearance.  A  value  greater 
than  1.0  indicates  a  vertebra  longer  than  wide,  and,  conversely,  a  value 
less  than  1.0  indicates  a  vertebra  wider  than  long.  Standard  univariate 
statistics  (range,  mean  and  standard  deviation  in  parentheses)  are  given 
for  all  measurements  and  are  for  samples  of  20  vertebrae  per  skeleton 
from  five  to  23  individuals.  Vertebral  characteristics  were  determined 
using  skeletons  from  the  collections  of  Midwestern  State  University  and 
the  American  Museum  of  Natural  History,  and  the  personal  collections 
of  the  author  and  Dr.  Thomas  Van  Devender,  Arizona-Sonora  Desert 
Museum.  All  measurements  are  in  millimeters  and  were  made  with  a  dial 
caliper  or  an  ocular  micrometer. 

Key  to  Texas  Elaphe  Trunk  Vertebrae 

1 .  Vertebra  longer  than  wide . 2 

1'.  Vertebra  wider  than  long,  or  as  wide  as  long;  cl /naw  0.88-1.0  (0.95 
±  0.05);  nh/cl  0.31-0.48  (0.38  ±  0.04);  neural  spine  thick;  nh  1.10- 
2.10  (1.82  ±  0.32);  nlu  2.0-4.50  (3.60  ±  0.95);  accessory  processes 
oblique  or  perpendicular  to  the  long  axis  of  the  centrum  viewed 
dorsally,  variable  in  shape  from  pointed  to  blade-like;  neural  arch 
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moderately  depressed  (more  so  than  in  other  species);  zygosphene 
viewed  anteriorly  convex,  seldom  flat,  crenate  or  concave  viewed 


dorsally . . . . . . . . . E.  subocularis 

2.  Nh  /  cl  greater  than  0.45 . . . . . . 3 


2'.  Nh  /  cl  less  than  0.45;  cl  /  naw  1.0-1.20  (1.14  ±  0.11);  nh  /  cl  0.30-0.45 
(0.38  it  0.05);  neural  spine  usually  thin;  nh  1.20-2.20  (1.63  ±  0.19); 
nlu  3.10-3.80  (3.20  ±  0.72);  accessory  processes  perpendicular,  seldom 
oblique,  to  the  long  axis  of  the  centrum  viewed  dorsally,  rounded  or 
pointed  in  shape;  neural  arch  vaulted;  zygosphene  viewed  anteriorly 
convex,  seldom  flat,  convex  or  biconvex  viewed  dorsally.  ...E.  obsoleta 
bairdi 

3.  Nh  /  cl  less  than  0.61;  cl  /  naw  1.10-1.20  (1.14  ±  0.04);  nh  /  cl  0.45-0.61 
(0.53  ±  0.06);  neural  spine  thick,  often  swollen  along  the  dorsal  edge; 
nh  2.30-3.40  (2.63  ±  0.38);  nlu  3.0-4.50  (3.76  ±  0.42);  accessory 
processes  oblique  or  perpendicular  to  the  long  axis  of  the  centrum 
viewed  dorsally,  variable  in  shape  from  pointed  to  obtuse;  zygosphene 
viewed  anteriorly  convex,  seldom  flat,  crenate  or  slightly  convex 

viewed  dorsally . .  E.  guttata  or  E.  obsoleta  lindheimeri 

3'.  Nh /  cl  greater  than  0.61;  cl/ naw  1.10-1.20(1.11  ±  0.03);  nh /  cl  0.43- 
0.75  (0.59  ±  0.08);  neural  spine  thick,  often  swollen  along  the  dorsal 
edge;  nh  2.10-4.40  (3.40  ±  0.55);  nlu  3.0-5.80  (4.61  ±  0.66);  accessory 
processes  oblique,  seldom  perpendicular  to  the  long  axis  of  the 
centrum  viewed  dorsally,  variable  in  shape  from  pointed,  rounded  or 
blade-like;  neural  arch  vaulted;  zygosphene  viewed  anteriorly  convex 
or  flat,  straight  or  convex  viewed  dorsally . .  E.  obsoleta  lindheimeri 

Discussion 

The  identification  of  isolated  vertebrae  of  Elaphe  guttata  and  E. 
obsoleta  lindheimeri  presents  special  problems  in  that  considerable 
overlap  of  all  characters  exist.  I  can  find  no  reliable  characteristics 
(qualitative  or  quantitative)  that  will  separate  the  vertebrae  of  E.  guttata 
from  those  of  E.  o.  lindheimeri,  because  all  E.  guttata  vertebrae  I 
examined  have  neural  spine  heights  within  the  range  of  E.  o.  lindheimeri 
(see  measurements  given  in  key).  Only  large  individuals  of  E.  o. 
lindheimeri  can  be  separated  from  E.  guttata  with  confidence  (those  with 
nh  /  cl  ratios  greater  than  0.61). 

Adequate  comparative  skeletal  material  of  E.  o.  bairdi  is  lacking  at 
present;  based  on  five  adult  specimens  I  examined,  there  seems  to  be  a 
higher  degree  of  individual  variation  in  their  vertebrae  than  is  seen  in  the 
other  species  discussed  here.  As  additional  specimens  become  available, 
it  may  be  that  their  vertebrae  will  be  found  to  resemble  those  of  E.  o. 
lindheimeri  and  E.  guttata  more  closely  than  is  indicated  here.  However, 
the  characters  presented  are  considered  to  be  the  most  consistant  and 
diagnostic. 


44 


THE  TEXAS  JOURNAL  OF  SCIENCE  VOL.  38,  NO.  1,  1986 


The  trunk  vertebrae  of  Elaphe  subocularis  are  distinct  and  easily 
separated  from  those  of  the  other  two  species.  They  differ  in  being  nearly 
square  in  overall  shape  (more  rectangular  in  other  species)  and  in  having 
moderately  depressed  neural  arches  (more  vaulted  in  other  species). 
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Abstract. — Orientation  of  natural  remanent  magnetismm  (NRM)  and  internal  rock 
structure  are  compared  in  three  bodies  of  foliated  rock.  These  bodies,  located  in  the  western 
metamorphic  belt  of  the  Sierra  Nevada,  California,  are  of  hornblende  schist,  granodiorite, 
and  serpentinite.  Each  exhibits  postcrystalline  5-surfaces  (some  of  which  show  mylonitic 
textures),  of  probable  late  Jurassic  (Nevadan)  age,  having  synoptic  orientations  of  N48°W 
63°N,  N10°W  82°E,  and  N4°W  78° E,  respectively.  Orientations  of  NRM  vectors  delineate 
“magnetic  planes”  (best-fit  great  circles)  that  have  attitudes  of  N69°W  70°  N,  N8°W  86°  E 
and  N4°W  86°  E,  respectively. 

Similarity  in  attitude  of  synoptic  5-planes  and  magnetic  planes  in  each  rock  body 
indicates  that  foliations  at  least  partly  control  NRM  vector  orientations.  We  conclude  that 
penetrative  deformation,  rather  than  the  earth’s  past  or  present  magnetic  field,  is  the 
dominant  influence  on  NRM  orientations  in  foliated  rocks,  even  in  the  absence  of 
concurrent  recrystallization.  Attempts  to  establish  paleopoles  from  samples  of  such  rocks 
are  risky.  Key  words :  remanent  magnetism;  foliated  rocks;  Sierra  Nevada. 

Studies  of  natural  remanent  magnetism  (NRM)  in  foliated  rocks  are 
limited,  and  most  are  of  rocks  that  record  metamophism  under  essentially 
synkinamatic  conditions,  that  is,  conditions  in  which  penetrative 
deformation  of  the  rock  fabric  is  approximately  concurrent  with  elevated 
temperatures  and  consequent  recrystallization.  Such  rocks  typically  show 
the  direction  of  NRM  polarity  to  be  in,  or  close  to,  the  plane  of  foliation 
(for  example,  Howell  et  ah,  1958;  Martinez  et  al.,  1960;  Fuller,  1963), 
although  a  few  exceptions  are  recorded  (for  example,  Balsley  and 
Buddington,  1957;  Henry,  1973).  This  relationship  between  5-surface  and 
orientation  of  NRM  suggests  that  internal  rock  deformation  or 
recrystallization  (or  both)  plays  a  significant  role  in  the  orientation  of 
NRM.  Nonetheless,  the  relative  importance  of  these  two  processes 
remains  unclear,  chiefly  because  investigations  of  rocks  in  which 
penetrative  deformation  is  dominant  and  recrystallization  unimportant 
(mainly  rocks  characterized  by  mylonitic  textures,  in  the  sense  of  Wise 
et  ah,  1984)  have  not  been  conducted.  Thus,  a  general  question  emerges: 
what  is  the  effect  on  the  orientation  of  NRM  of  penetrative  deformation 
in  the  absence  of  attendant  recrystallization? 

In  an  attempt  to  respond  to  this  question  we  collected  suites  of  samples 
from  three  rock  bodies,  each  of  different  rock  type,  from  diverse 
locations  within  the  western  Sierra  Nevada  metamorphic  belt  of 
California  (Fig.  1),  where  we  have  conducted  broader  studies  and,  hence, 
where  the  geologic  framework  of  each  body  is  known.  The  three  suites 
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Figure  1.  Sketch  map  of  western  Sierra  Nevada  metamorphic  belt,  central  California, 
showing  location  of  rock  bodies  studied. 

are  of  hornblende  schist  (amphibolite),  granodiorite,  and  serpentinite. 
Each  suite  is  from  a  rock  body  that  is  characterized  by  postcrystalline 
deformation.  That  is,  they  are  from  rock  bodies  in  which  the  conspicuous 
^-surface  formed  subsequent  to  a  phase  of  (re)crystallization,  apparently 
under  brittle  to  ductile  conditions  at  the  microscopic  scale  and  without 
significant  attendant  recrystallization.  Thus,  the  5-surfaces  developed 
under  conditions  that  promoted  mylonitic  textures  (Wise  et  al.,  1984)  in 
the  hornblende  schist  and  granodiorite,  textures  characterized  by  grain 
size  reduction  and  “brittle”  response  of  individual  grains,  and  less 
penetrative  but  nonetheless  pervasive  “shear”  surfaces  in  the  serpentinite. 
On  the  scale  of  the  rock  bodies,  deformation  during  the  development  of 
the  5-surfaces  probably  was  largely  ductile.  These  surfaces  parallel  the 
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structural  grain  of  the  belt,  which  is  to  the  northwest  in  the  south 
(hornblende  schist  location)  and  near  north  further  to  the  north 
(locations  of  granodiorite  and  serpentinite).  The  three  rock  bodies  (Fig. 
1)  are  in  close  proximity  to  faults  of  the  Foothills  system  (Clark,  1960), 
and  at  least  the  two  to  the  north  were  deformed  in  conjunction  with 
displacements  along  these  faults.  Deformation  probably  occurred  during 
the  late  Jurassic  Nevadan  orogeny. 

Technique 

For  each  suite  of  rocks  oriented  block  samples  were  collected;  field  orientation  of  blocks 
was  by  use  of  the  Brunton  compass.  Subsequently,  samples  were  cored  in  the  laboratory, 
and  the  orientation  of  NRM  for  each  core  was  obtained  utilizing  a  spinner  magnetometer. 
These  sampling  and  reorienting  procedures,  even  though  carefully  conducted,  probably 
result  in  orientation  errors  of  at  least  several  degrees.  Most  cores  were  sufficiently  long  so 
that  they  could  be  halved.  In  such  cases,  both  halves  were  analyzed  separately  in  the 
determination  of  the  NRM,  and  the  results  were  averaged.  Data  were  reduced  using  a 
computer  program  written  by  G.  R.  Keller  and  R.  Pinkerton. 


Rock  Suites:  Description  and  Attitude  of  Samples 
Hornblende  Schist 

The  hornblende  schist  (amphibolite)  suite  was  collected  from  outcrops 
about  32  kilometers  south-southeast  of  Mariposa,  from  within  the 
Oakhurst  Roof  Pendant  (Russell  and  Cebull,  1977)  immediately  west  of 
Oakhurst  (Fig.  1),  an  area  recently  extensively  studied  by  Bateman  et  al. 
(1983).  There,  the  schists  are  surrounded  by  batholithic  granitic  rocks  of 
Early  Cretaceous  age.  Petrographic  study  of  15  samples  shows  average 
gross  mineralogical  compositions  of  feldspar  (40  percent),  diopside  (10 
percent),  epidote  (three  percent),  biotite  (two  percent),  hornblende  (40 
percent),  and  quartz  (five  percent). 

The  samples  are  characterized  by  large,  subaligned  hornblende  crystals 
that  define  a  mesoscopic  lineation  and  by  an  5-surface  that  is  outlined 
by  small,  broken,  and  aligned  fragments  of  the  large  hornblende  crystals. 
These  and  other  similarly  aligned  mineral  grains  that  define  the  5-surface 
have  been  partly  “repaired”  by  later  static  recrystallization  in  the  epidote- 
amphibolite  facies.  This  recrystallization  is  a  result  of  intrustion  by  the 
surrounding  plutons. 

Orientation  of  the  synoptic  5-plane  and  of  hornblende  lineations  is 
shown  in  Figure  2A  (mostly  from  Russell,  1977).  The  5-plane  has  an 
attitude  of  N48°W  63°  NE;  hornblende  lineations  congregate  in  a  poorly 
defined  maximum  that  centers  approximately  on  the  synoptic  plane. 

NRM  vectors  for  24  samples  (Fig.  2D)  show  an  overall  distribution 
and  a  maximum  that  are  close  to  the  synoptic  foliation  plane  and  to  the 
lineation  maximum,  respectively  (compare  Figs.  2A  and  2D).  NRM 
vectors  for  some  of  the  samples  are  close  to  the  earth’s  present  magnetic 
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Figure  2.  (A,B,C)  Distribution  of  synoptic  5-planes  (dashed  lines;  open  circles  are  poles 
to  5-surfaces),  lineations  (closed  dots),  and  minor  fold  axes  (“X”’s)  for  rock  suites  of 
hornblende  schist,  granodiorite,  and  serpentinitic.  Contours  represent  poles  to  5-surfaces 
(interval=four  percent  and  three  percent  for  hornblende  schist  and  serpentinitic, 
respectively).  (D,E,F)  Distribution  of  NRM  vectors  in  each  suite  of  rocks,  including 
normal  polarity  (closed  triangles),  and  reverse  polarity  (open  triangles).  All  nets  are 
equal-area,  lower-hemisphere  projections. 


field  (from  DuBois,  1963)  and  to  that  estimated  for  Jurassic-Cretaceous 
time,  both  of  which  are  depicted  in  Figure  3.  However,  most  have  other 
orientations. 

Samples  were  subjected  to  alternating  current  (AC)  demagnetization  in 
fields  up  to  500  oe  with  no  significant  change  in  the  overall  pattern  of 
NRM  orientations.  Selected  samples  were  demagnetized  at  800  oe,  again 
with  little  effect  on  the  pattern. 

Granodiorite 

The  suite  of  granodiorite  samples  is  from  outcrops  approximately  250 
kilometers  north-northeast  of  those  of  the  honrblende  schist,  along  the 
Sweetland-Birchville  road  west  of  State  Highway  49,  in  the  central 
portion  of  the  metamorphic  belt  (Fig.  1).  Here,  a  fault  of  the  Foothills 
system  bring  Jurassic  metamorphic  rocks  (Burnett  and  Jennings,  1962)  on 
the  west  into  juxtaposition  with  a  granodiorite  body  on  the  east.  The 
igneous  body  displays  a  well-developed  foliation  (fluxion  structure)  that 
is  best  developed  at  locations  nearest  the  fault.  The  attitude  of  the 
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Figure  3.  Orientations  of  synoptic  5-planes  and  “magnetic  planes”  (defined  in  text)  for 
hornblende  schist,  granodiorite,  and  serpentinitic.  Closed  dots  are  poles  to  5-surfaces, 
crossed  are  poles  to  “magnetic  planes”.  Closed  square  is  the  earth’s  modern  magnetic 
field  orientation  (DuBois,  1963);  hachured  area  indicates  estimated  position  of  magnetic 
field  orientation  in  the  western  Sierra  Nevada  during  Jurassic-Cretaceous  time. 

synoptic  5-plane  is  N10°W  92°  E  (Fig.  2B),  essentially  parallel  to  the  fault. 
Thus,  development  of  foliation  and  faulting  probably  are  related. 
Evernden  and  Kistler  (1970)  showed  biotite  and  hornblende  ages  from  the 
igneous  body  of  143  and  146  million  years  (late  Jurassic),  respectively. 

Petrographic  examination  of  several  of  the  samples  shows  that  they 
consist  of  sodic  plagioclase  (33  percent),  microcline  (22  percent),  quartz 
(28  percent),  biotite  (15  percent),  and  minor  amounts  of  muscovite, 
sphene,  epidote,  and  opaque  minerals.  Amphibole  is  rare  in  the  samples 
studied.  Texturally,  the  rocks  are  protomylonites  that  grade  into 
mylonites  near  the  fault  (classification  of  Higgins,  1971).  Porphyroclasts 
are  chiefly  of  microcline  and  plagioclase,  whereas  quartz  comprises  the 
bulk  of  the  mortar.  Large  quartz  grains  show  undulatory  extinction,  and 
plagioclase  commonly  displays  bent  twin  lamellae.  Biotite  is  shredded 
ubiquitously  into  small  grains  that  are  concentrated  and  aligned  along  the 
5-surface,  which  is  defined  chiefly  by  subparallel  alignment  of  mortar 
zones.  This  surface  is  the  conspicuous  mesoscopic  structure  in  these 
rocks;  no  well-defined  lineation  was  observed. 

Orientations  of  NRM  vectors  are  shown  in  Figure  2E.  The  vectors 
display  steep  to  moderate  plunges  that  fall  into  two  groups,  one 
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southward,  the  other  northward.  Both  groups  lie  near  the  synoptic 
foliation  plane  (compare  Figs.  2B  and  2E).  The  northern  maximum  as 
depicted  on  the  net  is  near  the  orienations  of  the  earth’s  present  magnetic 
field  and  that  estimated  for  Jurassic-Cretaceous  time  (compare  Figs.  2E 
and  3). 

Vector  orientations  shown  represent  AC  demagnetization  in  a  field  of 
100  oe;  selected  samples  were  demagnetized  at  intervals  in  fields  up  to 
500  oe,  but  without  significant  effect  on  the  pattern  established  at  the  100 
oe  level. 

Serpentinite 

Samples  of  serpentinite  are  from  a  body  of  probable  Jurassic  age  that 
crops  out  in  the  northern  part  of  the  metamorphic  belt,  approximately 
31  kilometers  northeast  of  the  granodiorite  body,  along  Highway  49  near 
Goodyears  Bar  (Fig.  1).  This  serpentinite  body,  like  one  studied  by 
DuBois  (1963),  is  along  the  Melones  Fault  zone,  one  of  the  more 
important  faults  within  the  Foothills  system.  Like  most  such  bodies  along 
this  zone,  it  is  highely  sheared.  Resulting  foliation  (“shear”)  surfaces  are 
undulatory,  much  more  irregularly  oriented  and  less  penetrative  than  5- 
surfaces  of  the  hornblende  schist  or  granodiorite,  and  commonly 
slickensided.  Orientations  of  154  such  surfaces  are  displayed  in  Figure  2C 
(most  of  the  data  from  Russell,  1977;  some  from  Cebull,  1972). 
Distribution  of  poles  to  the  surfaces  defines  a  synoptic  foliation  plane 
with  an  attitude  of  N4°W  78°  E.  Axes  of  minor  folds,  also  shown  in 
Figure  2C,  mainly  plunge  steeply  and  lie  close  to  the  synoptic  5-surface. 

NRM  vector  orientations  for  samples  from  approximately  a  third  of 
the  locations  from  which  attitudes  were  obtained  are  shown  in  Figure  IF. 
The  principal  concentration  of  vectors  is  close  to  the  position  of  the 
earth’s  present  and  Jurassic-Cretaceous  fields  (Fig.  3).  However,  several 
vectors  plunge  southward,  thereby  delineating  a  pattern  that 
approximately  coincides  with  the  synoptic  foliation  plane  (compare  Figs. 
2C  and  2F).  Nine  of  the  samples  were  subjected  to  peak  fields  of  AC 
demagnetization,  at  intervals  of  100  oe,  up  to  700  oe,  but  the  overall 
vector  pattern  remained  unchanged. 

Discussion 

In  the  western  metamorphic  belt,  orientation  of  the  earth’s  present 
magnetic  field  (DuBois,  1963)  and  that  of  the  estimated  Jurassic- 
Cretaceous  field  is  similar  (Fig.  3).  This  similarity,  combined  with  the 
degree  of  error  in  measurement  of  NRM  vectors,  prevents  our  being  able 
to  relate  the  vectors  to  only  one  of  the  two  fields.  Nonetheless,  none  of 
the  three  rock  suites  of  this  study  display  a  well-defined  maximum  of 
NRM  vectors  that  is  clearly  related  to  either  the  present  or  ancient  field 


REMANENT  MAGNETISM  IN  ROCKS 


51 


orientations,  although  all  show  some  vectors  loosely  scattered  about 
those  orientations.  This  loose  scattering  is  exemplified  by  the  northern 
maximum  of  the  granodiorite  samples  and  especially  by  the  maximum  of 
the  serpentinite  samples.  However,  vector  distribution  in  the  hornblende 
schist  (Fig.  2D),  the  southern  maximum  in  the  granodiorite  (Fig.  2E), 
and  several  southward  plunging  vectors  in  the  serpentinite  (Fig.  2F)  are 
clearly  unrelated  to  the  present  or  ancient  fields.  Indeed,  each  of  the  three 
suites  displays  a  distribution  of  NRM  vectors  that  is  interpreted  by  us 
as  defining  a  “magnetic  plane,”  a  term  used  here  to  describe  a  best-fit 
great  circle  drawn  through  the  distribution  of  vectors  (not  shown  in 
figures).  The  attitudes  of  the  magnetic  planes  for  the  hornblende  schist, 
granodiorite,  and  serpentinite  are  N69°W  70°  N,  N8°W  86°  E,  and  N4°E 
86°  E,  respectively.  These  planes  and  the  synoptic  5-planes  for  each  rock 
suite  are  depicted  by  their  poles  in  Figure  3.  Similarity  of  orientation  of 
these  independently  derived  planes  is  self-evident.  The  poorest  fit  is  that 
of  the  hornblende  schist  suite,  but  it  is  in  this  suite  that  the  magnetic 
plane  is  least  well  constrained  by  the  distribution  of  plotted  points  (Fig. 
2D). 

If  the  three  suites  are  typical,  magnetic  vector  orientations  in  rocks 
characterized  by  5-surfaces  developed  under  conditions  of  postcrystalline 
penetrative  deformation  are  partly  structurally  controlled,  although  some 
influence  of  either  past  or  present  magnetic  fields  may  obtain.  Such 
structural  control  could  be  either  passive  or  active.  That  is,  NRM  vector 
orientations  may  be  superposed  on,  and  mimic,  a  preexisting  structurally 
anisotropic  rock  fabric,  or  be  a  product  of  the  reorientation  of 
preexisting  (paleo)  vectors.  In  the  western  Sierra,  the  former  likely  would 
result  from  magnetism  induced  by  the  earth’s  current  magnetic  field  that 
affects  rocks  whose  structural  surfaces  are  of  probable  late  Jurassic 
(Nevadan)  age,  the  latter  from  Nevadan  reorientation  of  (paleo)  vectors 
that  represent  pre-Nevadan  (predeformational)  paleomagnetic  fields. 
Because  of  the  diversity  of  rock  type  utilized  in  this  study,  we  believe  that 
the  well-organized  NRM  vector  distributions  are  unlikely  to  be  primarily 
a  product  of  late,  induced  magnetization,  although  such  magnetism  is 
likely  to  have  a  greater  affect  in  the  serpentinitic  rocks  than  in  rocks  of 
the  other  suites.  Accordingly,  we  favor  an  interpretation  in  which  active 
(paleo)  vector  reorientation  plays  the  dominant  role. 

As  indicated  earlier,  5-surfaces  of  all  suites  are  of  postcrystalline  origin, 
although  those  of  the  hornblende  schist  suite  were  postdated  by  limited 
recrystallation  under  conditions  of  medium-grade,  static  metamorphism. 
Such  recrystallation  may  be  wholly  or  partly  responsible  for  the  minor 
“misfit”  between  magnetic  plane  and  synoptic  5-plane  of  the  latter  suite, 
but  this  is  uncertain.  Nonetheless,  if  our  interpretation  of  structural 
reorientation  of  (paleo)  vectors  is  correct,  then  such  reorientation 
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proceeded  in  the  absence  of  elevated  temperatures  and  concomitant 
recrystallation. 

Some  aspects  of  magnetic  vector  distribution  in  these  rock  suites  are 
without  ready  explanation,  and  some  others  were  unanticipated.  An 
example  of  the  former  is  the  bimodal  maxima  exhibited  by  the 
granodiorite  samples.  Perhaps  the  northern  maxima  is  delineated  by 
ancient  vectors  that  have  not  been  profoundly  reoriented  by  penetrative 
deformation  and,  hence,  remain  close  to  (but  not  precisely  at)  the 
position  of  the  Jurassic-Cretaceous  field.  Unanticipated  results  include 
the  “closeness”  and  consistency  of  fit  between  the  magnetic  and  structural 
planes,  especially  in  view  of  the  relatively  large  distances  between 
localities  and  the  profound  differences  of  rock  type. 

Conclusions 

We  conclude  that  NRM  vector  orientations  in  foliated  rocks  are  partly 
a  product  of  reorientation  by  penetrative  deformation,  commonly  on  the 
scale  of  individual  grains.  The  scale  may  be  greater  in  more  poorly 
foliated  rocks,  such  as  serpentinitic,  and  affects  of  magnetic  fields  of  the 
earth,  both  past  and  present,  also  may  be  expressed,  but  the  penetrative 
structural  imprint  remains.  If  this  conclusion  is  correct,  reorientation  of 
(paleo)  vectors  by  internal  rock  deformation,  generally,  may  be  effective 
even  in  the  absence  of  significant  recrystallation.  Indeed,  as  the  grains 
responsible  for  the  magnetic  polarity  are  deformed  and  rotated,  vector 
orientations  may  be  redistributed  in  ways  analogous  to  those  of  passive 
lineations,  and,  hence,  in  special  circumstances  may  provide  useful 
structural  information.  For  example,  an  examination  of  mylonitic  rocks 
from  ductile  fault  zones  may  prove  particularly  instructive.  Perhaps  more 
importantly,  this  study  demonstrates  that  the  paleopoles  determined  from 
rocks  that  have  undergone  even  minor  internal  deformation  must  be 
regarded  with  suspicion. 


Literature  Cited 

Balsley,  J.  R.,  and  A.  F.  Buddington.  1957.  Remanent  magnetism  of  the  Russell  Belt  of 
gneisses,  Northwest  Adirondack  Mountains,  New  York.  Adv.  Physics,  6:317-322. 

Bateman,  P.  C.,  A.  J.  Busacca,  and  W.  N.  Sawka.  1983.  Cretaceous  deformation  in  the 
western  foothills  of  the  Sierra  Nevada.  Bull.  Geol.  Soc.  Amer.,  94:30-42. 

Burnett,  J.  L.,  and  C.  W.  Jennings  (compilers).  1962.  Geologic  map  of  California,  Chico 
sheet.  California  Div.  Mines  Geol.,  map  sheet,  1:250,000. 

Cebull,  S.  E.  1972.  Sense  of  displacement  along  Foothills  Fault  System:  New  evidence  from 
the  Melones  Fault  zone,  western  Sierra  Nevada,  California.  Bull,  Geol.  Soc.  Amer., 
83:1185-1190. 

Clark,  L.  D.  1960.  The  Foothills  fault  system,  western  Sierra  Nevada,  California.  Bull. 
Geol.  Soc.  Amer.,  71:438-496. 

DuBois,  R.  L.  1963.  Remanent,  induced,  and  total  magnetism  of  a  suite  of  serpentine 
specimens  from  the  Sierra  Nevada,  California.  J.  Geophys.  Res.,  8:267-278. 


REMANENT  MAGNETISM  IN  ROCKS 


53 


Evernden,  J.  F.,  and  R.  W.  Kistler.  1970.  Chronology  of  emplacement  of  Mesozoic 
batholithic  complexes  in  California  and  western  Nevada.  U.S.  Geol.  Surv.,  Prof.  Paper, 
623:1-42. 

Fuller,  M.  D.  1963.  Magnetic  anisotrophy  and  paleomagnetism.  J.  Geophys.  Res.,  68:293- 
309. 

Henry,  B.  1973.  Studies  of  microtectonics,  anisotropy  of  magnetic  susceptibility  and 
paleomagnetism  of  the  Permian  Dome  de  Barrot,  France:  paleotectonic  and 
paleosedimentological  implications.  Tectonophysics,  17:61-72. 

Higgins,  M.  W.  1971.  Cataclastic  rocks,  U.S.  Geol.  Surv.,  Prof.  Paper,  687:1-97. 

Howell,  L.  G.,  J.  D.  Martinez,  and  E.  H.  Statham.  1958.  Some  observations  on  rock 
magnetism.  Geophysics,  23:285-298. 

Martinez,  J.  D.,  E.  H.  Statham,  and  L.  G.  Howell.  1960.  A  review  of  palecmagnetic  studies 
of  some  Texas  rocks.  Spec.  Pub.  Univ.  Texas,  6017:41-47. 

Russell,  L.  R.  1977.  Tectonic  Character  of  the  Melones  Fault  zone,  western  Sierra  Nevada, 
California.  Ph.D.  dissertation,  Texas  Tech  University,  Lubbock. 

Russell,  L.  R.,  and  S.  E.  Cebull.  1977.  Structural-metamorphic  chronology  of  a  roof 
pendant  near  Oakhurst,  California:  Implications  for  the  tectonics  of  the  western  Sierra 
Nevada.  Bull.  Geol.  Soc.  Amer.,  88:1530-1534. 

Wise,  D.  V.,  D.  E.  Dunn,  J.  T.  Engelder,  P.  A.  Geiser,  R.  D.  Hatcher,  S.  A.  Kish,  A.  L. 
Odom,  and  S.  Schamel.  1984.  Fault-related  rocks:  Suggestions  for  terminology. 
Geology,  12:391-394. 

Present  address  of  Russell:  Arco  Oil  and  Gas  Company,  P.O.  Box  2819,  Dallas,  Texas 

75221 


OCCURRENCE  OF  THE  RARE  ROTIFER,  PTYGURA  ELSTERI 
KOSTE,  1972,  IN  LAKE  FORK,  WOOD  COUNTY,  TEXAS 

John  H.  Shoemaker  and  Robert  K.  Williams 

Department  of  Biological  Sciences,  East  Texas  State  University,  Commerce,  Texas  75428 


Abstract. — Specimens  of  the  rare  rotifer,  Ptygura  elsteri  Koste,  1972,  were  collected  on 
8  October  and  20  November  1984,  25  and  29  January  1985,  and  26  March  1985  from  Lake 
Fork,  Texas.  This  species  has  been  reported  from  New  Jersey,  Lake  St.  Clair,  Michigan, 
and  in  overflow  pools  along  the  banks  of  the  Amazon  and  Rio  Tapajos  in  South  America. 
A  variant,  P.  elsteri  var.  thailandensis,  has  been  reported  from  Thailand.  This  record  is  the 
third  in  North  America  and  the  first  in  90  years.  Key  words:  Ptygura  elsteri. ;  Rotifera; 
Texas;  Lake  Fork. 


Collections  have  been  made  to  identify  and  classify  Rotifera  in  Lake 
Fork,  Wood  Co.,  Texas,  since  the  autumn  of  1982.  Lake  Fork, 
constructed  by  the  Sabine  River  Authority  of  Texas,  began  filling  in  the 
spring  of  1982,  and  ultimately  will  inundate  27,690  acres.  The  lake  bed 
formerly  consisted  of  sandy  land  farms,  dairies,  ranches,  and  oak  forest. 
Several  hundred  large  ponds  were  inundated  and  none  of  the  original 
forest  was  removed.  Luxuriant  growths  of  duckweed,  water  ferns, 
stoneworts,  and  pennyworts  have  persisted  in  the  lake  since  its  beginning. 
The  water  is  slightly  acidic. 

In  collections  made  on  8  October  and  20  November  1984  and  25  and 
29  January  1985,  single  specimens  (Fig.  1)  of  a  rare  species  of  the  genus 
Ptygura  Ehrenberg  1832  were  identified.  Subsequently  a  collection  made 
on  26  March  1985  yielded  10  specimens.  In  all  cases  the  rotifers  were 
taken  from  areas  with  abundant  populations  of  the  great  duckweed, 
Spirodela  polyrhiza ,  and  wolffia,  Wolffia  Columbiana.  According  to  the 
classification  scheme  and  description  by  Voight  and  Koste  (1978),  these 
specimens  are  assignable  to  the  rare  species  P  elsteri  Koste,  1972. 

These  rotifers  may  be  identical  to  specimens  described  by  Jennings 
(1894)  and  Stokes  (1881).  Similar  organisms  have  been  described  by 
Kellicott  (1889)  and  Voight  and  Koste  (1978).  A  rotifer  (probably  from 
a  pond  in  New  Jersey — Jennings  1894)  bearing  a  single  anterior,  external, 
cervical  process  with  two  parts,  each  possessing  a  short  spur  projecting 
upward,  inward,  and  forward,  was  described  by  Stokes  (1881).  Each  part 
was  furcated  beyond  the  spur.  Stokes  believed  the  animal  was  a  member 
of  the  genus  Ptygura  Ehrenberg,  1832.  Kellicott  (1889)  reported  a  species 
of  rotifer  from  Olentangy  Creek,  Columbus,  Ohio,  which  he  described  as 
a  new  species.  He  proposed  the  name  Cephalosiphon  furcillatus  and 
described  an  animal  similar  to  the  one  reported  by  Stokes  (1881).  He  did 
not  refer,  however,  to  the  bifurcate  tips  nor  to  the  spur.  Instead,  the 
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Figure  1.  Illustration  of  Piygura  elsteri  Koste,  1972,  obtained  from  Lake  Fork,  Texas,  on 
8  October  1984.  Dorsal  view:  (a)  corona  extended;  (b)  corona  retracted. 


dorsal  process  was  referred  to  as  a  pitchfork  with  two  parts.  Jennings 
(1894)  obtained  a  specimen  from  Lake  St.  Clair,  Michigan,  and  assigned 
the  specimens  of  Stokes  (1881),  Kellicott  (1889),  and  his  own  to  Oecystis 
ptygura  Hudson  and  Gosse,  1889.  Similar  organisms  have  been  collected 
from  the  Amazon  and  Rio  Tapajos  in  Brazil  and  from  central  Thailand 
by  W.  Koste  (Voigt  and  Koste,  1978). 

Attempts  have  been  made  by  several  authors  to  assign  the  specimens 
of  Kellicott  and  Jennings  to  the  proper  species.  Jennings  (1900) 
reassigned  his  Oecystis  ptygura  to  Oecystis  melicerta  Jennings,  1900. 
Harring  (1913)  regarded  the  C.  furcillatus  of  Kellicott  to  be  a  synonym 
of  P.  melicerta ,  and  according  to  Edmondson  (1940),  Hauer  described  P. 
furcata  in  1938  and  may  have  included  the  Kellicott  specimen  in  the 
description.  Edmondson  (1940)  discussed  P.  melicerta  and  O.  melicerta  of 
Jennings,  C.  furcillatus  of  Kellicott,  and  P  furcata  of  Hauer  as  being 
different  forms  of  the  species  P  melicerta.  Later,  Edmondson  (1949) 
published  a  formula  key  of  the  genus  Ptygura  and  listed  P.  furcillata 
(Kellicott),  and  P.  (unnamed  species)  from  Jennings  as  separate  species. 
He  stated  that  Jennings  (1900)  probably  was  wrong  in  assigning  his 
specimen  to  O.  melicerta  (-P.  melicerta)  and  also  that  Harring  (1913) 
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probably  was  wrong  in  synonymizing  C.  furcillatus  with  P.  melicerta. 
Voigt  and  Koste  (1978)  accepted  the  Kellicott  (1889)  specimen  as  P. 
furcillata  (Kellicott,  1889).  The  Jennings  (1900)  specimen  was  included  in 
the  description  of  the  species  P.  elsteri  Koste,  1972,  in  which  Voigt  and 
Koste  (1978)  also  included  specimens  collected  from  Brazil  and  Thailand. 

Edmondson  (personal  communication  from  W.  T.  Edmondson, 
Department  of  Zoology,  University  of  Washington,  Seattle,  March,  1985) 
was  not  sure  that  the  Jennings  specimen  should  have  been  included  in 
P.  elsteri  because  the  dorsal  processes  of  the  specimens  from  Brazil  and 
Thailand  appeared  to  have  an  articular  joint  and  had  rounded  ventral 
swellings.  After  viewing  photographs  of  Lake  Fork  specimens, 
Edmondson  suggested  that  these  specimens  and  the  Jennings  (1894) 
specimen  might  be  members  of  an  undescribed  species  rather  than 
members  of  P.  elsteri.  His  recommendation  was  quite  tentative  because 
he  was  not  furnished  a  prepared  slide  of  the  specimen  with  its  corona 
distended. 

Until  sufficient  specimens  can  be  collected  to  determine  that  the  Lake 
Fork  and  Jennings  specimens  have  characteristics  sufficient  to  justify 
their  separation  into  a  new  species,  they  should  remain  assigned  to  P. 
elsteri.  Key  characteristics  as  given  by  Voigt  and  Koste  (1978)  include  a 
stalked  bifurcate  process  with  four  tines  resembling  antlers.  The  two 
branches  each  have  a  secondary  projection  posteriorly  before  uniting  into 
a  long  ventrally-bent  process.  Lateral  antennae  may  be  indistinct,  small 
papillae,  or  wartlike  tubercles.  The  corona  is  complete  and  not  separated 
by  a  notch  or  indentation  and  there  is  no  apical  process.  There  is  a  short 
constriction  or  stalk  about  the  neck.  Organisms  may  be  fixed  or  sessile 
and  secrete  a  gelatinous  sheath  in  which  fecal  pellets  and  broken  detritus 
particles  are  embedded. 

The  Lake  Fork  specimens  represent  the  third  record  of  this  rare 
Rotifer  in  North  America  and  the  first  in  90  years.  The  discovery  of  this 
organism  in  Lake  Fork  may  represent  only  an  extension  of  the  known 
distribution  of  a  rare  species  of  Ptygura  (Edmondson  1949)  or,  with  a 
distribution  pattern  of  New  Jersey,  Michigan,  and  Texas,  it  could  be 
quite  cosmopolitan.  Indeed,  it  may  occur  widely  over  North  America  east 
of  the  Rockies,  but  has  remained  uncollected  due  to  the  scarcity  of 
workers  specializing  in  studies  of  Rotifera. 
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COPPER  IN  SOIL  SAMPLES  DOWNSLOPE 
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DISTRICT,  CHAFFEE  COUNTY,  COLORADO 
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Abstract. — Soil  surface  contamination  by  piles  of  tailings  in  old  mining  districts  is  a 
function  of  climate,  mobility  of  metallic  elements  in  the  tailings,  slope,  and  age  of  the 
tailings.  In  this  study,  soil  samples  were  collected  a  depths  of  10  and  20  centimeters.  Two 
size  fractions,  30-60  mesh  and  less  than  60  mesh,  were  analyzed  by  atomic  absorption 
spectrophotometry  after  hot  acid  digestion. 

In  the  Cleora  District,  Chaffee  County,  Colorado,  80-  to  100-year-old  piles  of  tailings 
with  more  than  1000  parts  per  million  copper  showed  a  well-defined  contamination  trace 
up  to  50  to  60  meters  from  the  source.  Background  values  of  copper  content  in  soils  in 
the  area  ranged  from  20  to  100  parts  per  million.  Forty  to  60-year-old  tailings  showed  a 
negligible  amount  of  contamination  at  all  depths  and  size  fractions  investigated. 

The  small,  well-defined  dispersion  trains  defined  by  this  study  suggest  that  geochemical 
prospecting  in  exploited  areas  is  a  viable  technique  if  the  mobility  of  specific  tracer  elements 
can  be  determined  under  the  climatic  and  topographic  conditions  of  the  survey  and  the  age 
of  mine  dumps  is  known.  Key  words :  soils;  Colorado;  geochemical  prospecting. 

Most  economic  ore  deposits  exposed  at  the  earth’s  surface  already  have 
been  discovered  by  conventional  geologic  mapping  and  prospecting.  The 
search  for  ore  deposits  hidden  beneath  a  few  centimeters  to  a  few  meters 
of  soil,  glacial  material,  or  sediment  is  enhanced  by  geochemical 
prospecting  techniques. 

Geochemical  prospecting  targets  are  anomalous,  metal-rich  haloes 
produced  by  dispersed  metallic  elements  around  the  hidden  mineralized 
zone.  As  a  rule  of  thumb,  the  threshold  value  between  background  metal 
content  and  an  anomalous  concentration  generally  is  more  than  three 
times  the  background  value.  Because  areas  previously  exploited  and, 
hence,  known  to  contain  economic  metallic  deposits  offer  the  best  chance 
to  contain  additional  but  hidden  sources  of  metallic  elements,  it  is 
desirable  to  distinguish  between  surface  contamination  and  undiscovered 
deposits  as  the  source  of  metallic  anomalies.  The  Cleora  District,  Chaffee 
County,  Colorado,  was  chosen  to  determine  the  extent  of  copper 
contamination  of  soils  by  old  mine  dumps. 

The  Cleora  District  lies  on  the  north  bank  of  the  Arkansas  River,  two 
kilometers  southeast  of  Salida,  Colorado.  At  an  elevation  of 
approximately  2130  meters  (7000  feet)  above  sea  level,  the  climate  is 
semiarid.  Most  precipitation  occurs  as  afternoon  thundershowers  between 
April  and  October.  A  slope  of  three  to  six  degrees  on  poorly  developed 
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Table  1.  Comparison  of  analytical  values  for  copper  from  USGS  Geochemical  Exploration 
Standards. 


LASL  value  (Gladney 

WTSU  value 

Sample  no. 

et  al„  1979) 

(this  study) 

GYR-2 

65-74 

74 

GYR-3 

15+5 

19 

GYR-4 

6150-6400 

>999.9 

sandy  and  silty  soil  extends  from  the  bedrock  slopes  to  the  banks  of  the 
Arkansas  River. 

The  mineralized  veins  are  in  metasedimentary  rocks  of  Precambrian 
age.  Boardman  (1976)  described  a  bedrock  sequence  of  quartzites,  and 
volcaniclastic  sediments  intruded  by  gabbroic  bodies  and  subsequently 
metamorphosed  to  amphibolites. 

According  to  Heinrich  (1981)  the  mineralization  is  fracture-controlled. 
The  quartzose  veins  are  steeply-dipping  and  occur  in  banded  micaceous 
gneisses  and  poorly-foliated  amphibolite.  Minerals  include  scheelite, 
cuprotungstite,  and  cuproscheelite  and  sulfide  minerals.  I  noted  native 
gold  in  a  quartz-rich  vein  in  the  1981  field  season.  Heinrich  (1981) 
indicated  that  scapolitization  may  extend  as  far  as  two  meters  from  the 
vein  core  and  is  the  most  conspicuous  alteration.  Scapolite  also  forms 
slender  prisms  in  the  vein  margin,  forming  comb  structure. 

Sampling  and  Laboratory  Methods 

All  soil  samples  were  taken  at  depths  of  10  and  20  centimeters  from  holes  dug  with  a 
chromium-plated  shovel.  Individual  samples  were  taken  at  each  depth  along  traverses 
spaced  18  meters  or  36  meters  apart.  Sample  spacing  along  the  traverse  lines  was  nine-meter 
intervals.  A  total  of  44  samples  was  collected,  including  three  from  the  mine  dumps. 

Individual  samples  were  placed  in  clean  polyethylene  bags  and  labeled.  Sample  sizes 
ranged  from  0.5  to  1.0  kilogram.  After  collection,  samples  were  transported  to  the  field 
station  in  Salida,  Colorado,  and  air  dried  on  plastic  plates.  After  drying,  samples  were 
sieved  with  30  and  60  mesh  nylon  screens.  The  30-60  mesh  and  less  than  60  mesh  fractions 
were  labeled  and  placed  in  individual  polyethylene  bags.  Reduction  of  samples  to  a  1.00 
gram  aliquot  was  accomplished  with  an  aluminum  splitter.  The  one-gram  samples  were 
placed  in  individual  20  millimeter  test  tubes,  corked,  and  stored  prior  to  digestion. 

Digestion  of  Soil  Samples 

A  hot  acid  bath  using  a  one  to  three  mixture  of  HNO3  and  HCL  was  used  to  dissolve 
all  sulfide  mineral  phases  in  the  soil  samples.  Any  copper  bearing  silicate  phases  probably 
would  not  have  been  completely  dissolved  in  this  mixture.  The  procedure  was  altered 
slightly  from  that  suggested  by  Perkin-Elmer  (Manual  of  atomic  absorption,  p.  GC-6,  1971) 
because  of  the  formation  of  a  frothy  emulsion  that  formed  by  the  reaction  of  organic  matter 
with  this  acid.  To  prevent  this  froth,  a  small  amount  (three  milliliters)  of  HNO3  was  added 
initially  and  the  mixture  allowed  to  rest  for  more  than  an  hour.  Then,  10  milliliters  of  HCL 
and  five  milliliters  of  distilled  H2O  were  added.  In  spite  of  this  precaution,  frothing 
sometimes  occurred  in  organic-rich  samples.  In  such  cases,  a  few  drops  of  HF  were  added 
to  make  the  froth  subside.  The  mixture  then  was  boiled  for  approximately  eight  hours  until 
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Figure  la.  Copper  concentration  in  less  than  60  mesh  fraction,  soil  samples  at  depth  of 
20  centimeters,  Old  Cleora,  Colorado.  Arrows  indicate  slope  direction. 


the  solution  was  reduced  to  about  five  milliliters,  then  cooled.  After  filtration  through  no. 
2  Whatman  filter  paper,  the  sample  was  diluted  to  20  milliliters  with  cool  distilled  EUO  and 
returned  to  a  test  tube  and  corked  for  later  analysis. 

Atomic  Absorption  Spectrophotometry 

A  Perkin-Elmer  Model  4000  spectrophotometer  and  air-acetylene  flame  were  used  for  all 
copper  analyses.  Standards  for  calibration  were  prepared  from  stock  solutions  supplied  by 
Perkin-Elmer  (see  Tindall,  1966)  and  diluted  to  the  appropriate  concentration. 

As  a  cross-check  on  the  standards,  United  States  Geological  Survey  Geochemical 
Exploration  Standards  also  were  analyzed.  A  comparison  of  the  results  obtained  on  these 
standards  with  published  analytical  values  is  presented  in  Table  1. 

Results  and  Discussion 

Copper  contents  of  soil  samples  sideslope  from  the  mine  tailings 
ranged  from  47  to  98  parts  per  million  (Figure  1).  A  detailed  geochemical 
survey  by  the  Los  Alamos  Scientific  Laboratory  in  the  Badger  Creek  area 
(Shannon,  1979),  Chaffee  and  Fremont  counties,  Colorado,  revealed 
copper  in  sediments  ranging  from  15  to  60  parts  per  million.  The  Badger 
Creek  area  is  adjacent  to  (and  northeast  of)  the  Cleora  District  and  is 
underlain  by  Precambrian  metavolcanic  rocks  capped  by  a  volcaniclastic 
and  volcanic  sequence  of  Tertiary  age. 
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Figure  lb.  Copper  concentration  in  30-60  mesh  fraction,  soil  samples  at  depth  of  20 
centimeters.  Old  Cleora,  Colorado.  Arrows  indicate  slope  direction. 


Data  for  soil  samples  downslope  from  mine  dumps  showed  a  consistent 
enrichment  in  copper  content  with  proximity  to  the  tailings.  Two  ages  of 
dumps  were  indicated  based  on  their  physical  characteristics  and  amount 
of  weathering.  Belser  (1956)  reported  eight  mines  and  prospects  in  the 
Cleora  District  and  indicated  they  were  worked  late  in  the  19th  century 
and  again  about  the  time  of  World  War  I.  In  this  study,  the  older  dumps 
had  a  well-defined  contamination  trend  with  copper  content  up  to  499 
parts  per  million  just  below  the  dumps,  decreasing  to  a  level  just  above 
background  47  meters  downslope  from  the  dumps.  The  old  dumps  were 
characterized  by  abundant  soil-sized  particles  with  copper  contents  above 
4500  parts  per  million.  The  newer  dumps  contained  almost  no  sand-sized 
material  and  only  a  slight  contamination  trend  (or  none  at  all)  in  all  size 
fractions  and  depths  investigated. 

The  relatively  gentle  slope  and  the  semiarid  climate  may  explain  the 
limited  downslope  contamination  of  the  soil  horizon.  Further  work 
should  determine  whether  and  at  what  depth  the  effects  of  surface 
contamination  can  be  eliminated.  There  was  no  real  difference  between 
analytical  values  for  the  30-60  mesh  fractions  and  the  less  than  60  mesh 
fraction  or  between  the  samples  collected  at  a  depth  of  10  centimeters 
and  those  collected  at  a  depth  of  20  centimeters. 
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Figure  Ic.  Copper  concentration  in  less  than  60  mesh  fraction,  at  depth  of  10  centimeters, 
Old  Cleora,  Colorado.  Arrows  indicate  slope  direction. 


Conclusions 

Under  the  conditions  and  time  limits  investigated,  there  is  limited 
mobility  of  copper  in  poorly  developed  loess  soils  in  a  semiarid 
environment  and  on  gentle  slopes.  Data  derived  from  this  study  indicated 
that  dumps  80  to  100  years  old  contaminate  the  soil  for  downslope 
distances  up  to  60  meters.  For  dumps  younger  than  about  65  years, 
copper  surface  contamination  is  negligible  or  not  clearly  above  the 
threshold  value.  This  conclusion  seems  valid  unless  there  is  abundant 
sand-sized  material  in  the  newer  dumps.  The  implications  of  these  data 
are  that  geochemical  prospecting  can  be  conducted  in  old  mining  areas 
if  the  mobility  of  the  metallic  tracer  elements  is  known  and  the  age  of 
the  contaminating  source  can  be  determined. 
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Abstract. — New  distributional  records  for  28  taxa  of  amphibians  and  reptiles  from  35 
Texas  counties  are  reported.  Some  of  the  records  include  species  that  are  taxonomically 
important  and  help  to  increase  the  growing  body  of  information  on  the  distribution  of  the 
herpetofauna  of  Texas.  Key  words :  amphibians;  reptiles;  herpetofauna;  intergrades;  Texas 
distribution. 

Since  the  comprehensive  Texas  herpetofaunal  work  of  Raun  and 
Gehlbach  (1972),  a  myriad  of  reports  have  appeared  concerning  new 
distributional  records  of  amphibians  and  reptiles  from  the  state  (Lewis, 
1974;  Hambrick,  1975,  1976;  Merkford,  1975;  Cys,  1976;  Mather  and 
Dixon,  1976;  Karges,  1978,  1979,  1981,  1982;  Vance,  1980a,  1980b; 
Mecham,  1982;  Lieb  and  Roessling,  1983;  McAllister  et  ah,  1983; 
Rakowitz  et  al.,  1983;  and  others).  It  appears  that  the  geographic 
distribution  of  much  of  the  Texas  herpetofauna  already  is  well  known; 
however,  it  was  our  intention  in  the  following  report  to  offer  a  significant 
number  of  new  records  that  (1)  include  taxonomically  important  species 
(for  example,  Ambystoma  opacum,  Acris  crepitans,  Rana  catesbeiana, 
Sceloporus  variabilis,  Cnemidophorus  tigris,  Thamnophis  sirtalis, 
Crotalus  scutulatus)\  and  (2)  extend  our  knowledge  of  the  distribution  of 
various  taxa. 

All  specimens  reported  herein  are  exclusively  new  county  records. 
Included  are  11  amphibian  (three  salamanders,  eight  frogs)  and  17 
reptilian  taxa  (three  turtles,  four  lizards,  10  snakes)  from  35  Texas 
counties.  The  distributional  format  follows  McAllister  et  al.  (1983),  and 
Dallas  Museum  of  Natural  History  (DMNH)  catalogue  numbers  are 
included  for  all  specimens.  Nomenclature  follows  Collins  et  al.  (1982); 
and  with  the  exception  of  C.  t.  marmoratus ,  all  identifications  were 
verified  by  the  authors. 


Species  Accounts 

Caudata 

Ambystoma  opacum  (marbled  salamander). — Anderson  Co.,  20.9  km  E 
Palestine  near  Neches  River;  15  April  1978,  W.  Seifert,  DMNH  4721. 
Henderson  Co.,  12.9  km  S  Brownsboro  at  Flat  Creek;  1  September  1977, 
W.  Seifert,  DMNH  4708.  These  two  records  represent  western  extensions 
of  the  known  range  of  this  taxon  in  east-central  Texas. 
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Notophthalmus  viridescens  louisianensis  (central  newt). — Hunt  Co., 
24.1  km  N  Terrell;  3  March  1974,  W.  Seifert,  DMNH  1466. 

Eurycea  quadridigitata  (dwarf  salamander). — Madison  Co.,  NE  shore 
Lake  Normangee;  28  April  1951,  B.  E.  Hagee,  DMNH  2529. 

Anura 

Acris  crepitans  blanchardi  (Blanchard’s  cricket  frog). — Garza  Co.,  11.0 
km  SE  Post  on  U.S.  84;  16  May  1977,  W.  Seifert,  DMNH  4648.  Terry 
Co.,  13.0  km  NNW  Brownfield;  11  April  1968,  M.  Blum,  DMNH  3198. 
The  latter  record  represents  the  westernmost  distribution  of  this  frog  on 
the  southern  Texas  High  Plains. 

Hyla  squirella  (squirrel  treefrog). — Harrison  Co.,  4.8  km  N  Karnack; 
27  June  1960,  W.  B.  Stallcup,  DMNH  3361.  This  is  an  intermediate 
locality  falling  between  extreme  northeastern  (Red  River  and  Titus 
counties)  and  east-central  (Nacogdoches  and  Sabine  counties)  populations 
(Rakowitz  et  al.,  1983;  McAllister  et  al.,  1983). 

Pseudacris  clarkii  (spotted  chorus  frog). — Terry  Co.,  13.0  km  NNW 
Brownfield;  5  April  1968,  M.  Vanowetz,  DMNH  2510. 

Bufo  speciosus  (Texas  toad). — Hays  Co.,  Federal  Fish  Hatchery  in  San 
Marcos;  20  June  1960,  W.  F.  McBurney,  DMNH  2515. 

Bufo  woodhousii  velatus  (East  Texas  toad). — Wood  Co.,  5.0  km  SE 
Quitman;  14  May  1977,  W.  Seifert,  DMNH  4638. 

Rana  catesbeiana  (bullfrog). — Clay  Co.,  12.9  km  S  Bellevue;  10 
October  1954,  L.  S.  Roberts,  DMNH  3465.  Ellis  Co.,  0.8  km  S  Ferris; 
14  April  1968,  J.  W.  Skinner,  DMNH  3816.  Haskell  Co.,  8.0  km  N 
Haskell;  4  February  1966,  Kimbrough,  DMNH  3442.  Hopkins  Co.,  6.0 
km  S  Sulfur  Bluff  on  FM  69;  18  September  1976,  W.  Seifert,  DMNH 
4600.  Kaufman  Co.,  Rosser;  2  February  1952,  L.  S.  Roberts,  DMNH 
3465.  This  frog  has  been  widely  introduced  on  the  Edwards  Plateau,  and 
in  the  Trans-Pecos  region  and  southern  Texas,  south  of  Nueces  County 
(Raun  and  Gehlbach,  1972).  Neck  (1983)  reported  that  R.  catesbeiana 
occurred  naturally  over  the  eastern  one-third  of  the  state.  Our  five 
records  fill  several  distributional  gaps  in  various  regions  of  northern 
Texas  and  probably  represent  localized  populations. 

Rana  palustris  (pickerel  frog). — Van  Zandt  Co.,  11.3  km  SE  Ben 
Wheeler;  7  May  1978,  T.  L.  Hibbitts,  DMNH  4960.  This  record 
approaches  the  recorded  northeastern  boundary  of  the  range  of  R. 
palustris  along  the  upper  Neches  River  watershed. 

Gastrophryne  olivacea  (Great  Plains  narrowmouth  toad). — Bowie  Co., 
U.S.  67  at  Sulphur  River;  30  April  1950,  R.  L.  Curtis  and  D.  Tinkle, 
DMNH  3346.  Extends  known  margin  of  range  to  the  extreme  northeast 
from  records  in  Cass,  Franklin,  Morris,  and  Red  River  counties;  there 
is  approximately  a  75-100  kilometer  hiatus  between  these  records  and  the 
Henderson  County  record  of  Raun  and  Gehlbach  (1972). 
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Testudines 

Kinosternon  subrubrum  hippocrepis  (Mississippi  mud  turtle). — Wood 
Co.,  8.0  km  W  Quitman;  6  May  1961,  Kimbrough  and  McDonald, 
DMNH  3837. 

Stemotherus  odoratus  (stinkpot). — Dallas  Co.,  0.6  km  NW  TX  78  at 
White  Rock  Lake  in  Dallas;  29  March  1972,  S.  Hardman,  DMNH  1156. 
Grimes  Co.,  Cross  Lake  in  Cross;  7  October  1950,  B.  E.  Hagee,  DMNH 
3843.  Henderson  Co.,  Gun  Barrel  City  at  Cedar  Creek  Reservoir;  19 
April  1976,  W.  Seifert,  DMNH  4568. 

Trionyx  muticus  muticus  (midland  smooth  softshell). — Somervell  Co., 
U.S.  67  at  Brazos  River  bridge;  9  October  1965,  T.  L.  Hibbitts,  DMNH 
4111.  This  represents  an  intermediate  locality  along  the  Brazos  River 
between  records  for  this  species  from  McLennon  and  Palo  Pinto 
counties. 

Sauria 

Coleonyx  brevis  (Texas  banded  gecko). — Ward  Co.,  Pyote  Air  Force 
Base  in  Pyote;  1  May  1976,  W.  Seifert,  DMNH  4644. 

Sceloporus  variabilis  marmoratus  (rosebelly  lizard). — Refugio  Co.,  3.2 
NNW  Woodboro;  23  March  1957,  D.  C.  Carter,  DMNH  2819.  Webb 
Co.,  80.0  km  NW  Laredo  near  Rio  Grande  River  on  Trevino  Ranch;  12 
April  1975,  W.  Seifert,  DMNH  2229.  Extends  margin  of  range 
northeastward  from  San  Patricio  County  and  fills  a  distributional  gap 
between  Dimmitt  and  Zapata  counties. 

Eumeces  septentrionalis  obtusirostris  (southern  prairie  skink). — Lee 
Co.,  16.0  km  N  Giddings;  5  April  1966,  B.  Gloyna,  DMNH  3648.  Red 
River  Co.,  22.4  km  NE  Clarksville  at  Pecena  Farm;  11  March  1972,  W. 
Seifert,  DMNH  870.  The  former  record  is  approximately  111  kilometers 
northwest  and  93  kilometers  southwest  of  the  nearest  previous  records  in 
Austin  and  Brazos  counties,  respectively. 

Cnemidophorus  tigris  marmoratus  (marbled  whiptail). — Glasscock  Co., 
J.  G.  Carter  Farm  (precise  locality  not  recorded);  9  March  1964,  J.  G. 
Carter,  DMNH  2033.  This  specimen  extends  the  known  range  one  county 
eastward  from  prior  records  in  the  Trans-Pecos  region.  The  collection  site 
may  be  located  in  the  northwestern  corner  of  the  county  (J.  F.  Scudday, 
personal  communication,  1985). 

Serpent  es 

Cemophora  coccinea  copei  (northern  scarlet  snake). — Wood  Co.,  4.8 
km  SE  Quitman  at  Timberlake  Farms;  10  May  1975,  B.  Patton,  DMNH 
2428-29. 

Farancia  abacura  reinwardti  (western  mud  snake). — Wood  Co.,  3.2  km 
SE  Quitman  on  FM  778;  13  May  1977,  W.  Seifert,  DMNH  4641.  This 
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locality  is  near  the  western  boundary  of  the  range  of  F  a.  reinwardti  in 
northeastern  Texas  (see  McDaniel  and  Karges,  1983). 

Gyalopion  canum  (western  hooknose  snake). — Nolan  Co.,  9.6  km  NW 
Blackwell  on  FM  1170;  2  June  1967,  T.  L.  Hibbitts,  DMNH  4156.  The 
nearest  previous  localities  for  this  taxon  are  approximately  83  kilometers 
south  and  167  kilometers  north  in  Tom  Green  and  King  counties, 
respectively. 

Heterodon  nasicus  gloydi  (dusty  hognose  snake). — Taylor  Co.,  U.S. 
277  in  Abilene;  2  June  1967,  T.  L.  Hibbitts,  DMNH  4194.  Karges  (1982) 
reported  this  species  from  Scurry  County,  81  kilometers  north-northwest 
of  our  record. 

Hypsiglena  torquata  jani  (Texas  night  snake). — Bandera  Co.,  4.8  km 
WNW  Bandera;  7,  8  April  1968,  J.  E.  Hawkins  and  M.  N.  Miller, 
DMNH  2973,  3931.  Johnson  Co.,  9.7  km  SW  Cleburne  State  Recreation 
Area;  17  May  1959,  W.  B.  Stallcup,  DMNH  3083.  Willacy  Co.,  8.0  km 
N  Raymondville  on  U.S.  77;  25  May  1971,  T.  L.  Hibbitts,  DMNH  4325. 

Masticophis  taeniatus  schotti  (Schott’s  whipsnake).—  Edwards  Co.,  6.4 
km  W  Rocksprings  on  U.S.  377;  7  June  1980,  T.  L.  Hibbitts,  DMNH 
5251.  Refugio  Co.,  4.8  km  NW  Woodsboro  on  U.S.  77;  1  July  1957,  D. 
C.  Carter,  DMNH  3070.  The  former  specimen  is  from  a  locale  near  the 
contact  zone  between  two  races  (Parker,  1982),  M.  t.  schotti  and  M.  t. 
girardi,  and  exhibits  characteristics  suggestive  of  an  intergrade. 

Regina  grahamii  (Graham’s  crayfish  snake). — Anderson  Co.,  1.6  km 
SE  Cayuga  on  U.S.  287;  8  February  1969,  T.  L.  Hibbitts,  DMNH  4255. 
Collin  Co.,  Lake  Lavon  Dam;  24  April  1976,  C.  Weaver,  DMNH  4572. 

Thamnophis  sirtalis  annectans  (Texas  garter  snake). — Hays  Co.,  San 
Marcos;  21  April  1946,  H.  Althaus,  DMNH  2586.  Parker  Co.,  3.2  km 
S.  Aledo  on  FM  5;  15  June  1971,  T.  L.  Hibbitts,  DMNH  4380. 

Sistrurus  catenatus  tergiminus  (western  massasauga). — Irion  Co.,  19.2 
km  N  Barnhart  at  junction  of  TX  163  and  FM  1261;  16  May  1979,  B. 
H.  Pon,  DMNH  5163.  Extends  margin  of  known  range  westward  into 
the  reported  zone  of  intergradation  with  S.  c.  edwardsii  (Minton,  1983). 

Crotalus  scutulatus  scutulatus  (Mojave  rattlesnake). — Pecos  Co.,  32  km 
S  Fort  Stockton  on  U.S.  385;  1  June  1973,  T.  L.  Hibbitts,  DMNH  4409. 
This  road-killed  specimen  represents  a  northeastward  extension  of  the 
known  range  of  this  species.  C.  5.  scutulatus  is  now  known  from  six 
Texas  counties,  all  south  of  the  Pecos  River  (Price,  1982). 
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DETERMINATION  OF  INTRAFLOW  ELEMENT  VARIATION  IN 
A  THICK  FLOW  OF  THE  CROSSEN  TRACHYTE,  WEST  TEXAS 


Kerri  L.  Nelson,  Bart  D.  Collinsworth,  and  Richard  W.  Bell 

Geology  Department,  Sul  Ross  State  University,  Alpine,  Texas  79832 

Abstract. — It  has  been  demonstrated  that  significant  intraflow  element  variations  do 
exist  within  some  flow  units.  The  extent  of  this  variation  must  be  documented  before  any 
quantitative  petrogenetic  modeling  between  flows  can  be  accomplished.  A  20-meter-thick 
section  of  the  Crossen  Trachyte,  a  volumetrically  important  (1500  square  kilometers) 
formation  located  in  the  Trans-Pecos  magmatic  belt,  was  sampled  vertically  at  1.5-meter 
intervals  and  analyzed  with  x-ray  fluourescence  and  instrumental  neutron  activation  analysis 
to  study  intraflow  elemental  variations.  No  significant  variation  outside  analytical 
uncertainty  (2a)  was  detected  for  the  major  and  trace  elements  (except  Cs),  although  many 
of  the  large  ion  lithophile  elements  (for  example,  Zr,  Hf,  Nb)  showed  marked  stratigraphic 
variations. 

These  data  support  post-emplacement  processes,  such  as  volatile  transport,  which  enhance 
element  mobility,  as  the  most  likely  mechanism  for  the  observed  stratigraphic  patterns. 
Detailed  petrography  and  normative  calculations  indicate  the  Crossen  Trachyte  should  be 
termed  an  alkali  quartz  trachyte  as  there  is  five  to  seven  percent  modal  quartz  and  13 
percent  normative  quartz  in  the  rock.  Key  words :  Crossen  Trachyte;  Trans-Pecos,  Texas; 
intraflow  element  variation. 


The  Crossen  Trachyte  is  located  in  the  eastern  alkalic  portion  of  the 
Trans-Pecos  magmatic  province.  This  region,  as  delineated  by  Barker 
(1977),  is  seen  in  Figure  1.  There  has  been  much  interest  concerning  the 
petrogenesis  of  the  rocks  in  the  area  (for  example,  Parker,  1983; 
Cameron  et  ah,  1984;  Nelson  et  al.,  1984a,  1984b).  As  significant 
elemental  variations  can  occur  within  thick  flow  units  (Watkins  et  al., 
1970;  Hart  et  al.,  1971;  Baker  and  Henage,  1977),  it  is  necessary  to 
document  the  extent  of  such  variations  in  a  single  flow  unit  from  this 
province  to  better  constrain  petrogenetic  arguments.  The  Crossen 
Trachyte  is  well  suited  to  a  study  of  this  type  as  it  covers  an  area  of  more 
than  1500  square  kilometers  and  averages  between  50  and  60  meters  in 
thickness  (McAnulty,  1955).  Therefore,  a  20-meter-thick  section  of  the 
Crossen  Trachyte  exposed  eight  kilometers  south  of  Alpine,  Texas,  on 
Highway  118  (Fig.  1)  was  sampled.  This  section  appears  to  be  one 
continguous  flow  unit.  Thirteen  rock  samples  were  collected  vertically 
from  this  section  at  1.5-meter-intervals,  from  sample  1  near  the  base 
through  sample  13  located  at  the  top  of  the  outcrop.  Lateral  distance 
covered  by  the  samples  was  less  than  50  meters. 

Methods 

A  pressed  powder  pellet  of  each  of  the  13  samples  was  analyzed  with  energy  dispersive 
x-ray  fluorescence.  Each  sample  was  analyzed  under  two  separate  operating  conditions:  5 
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Figure  1.  A  portion  of  west  Texas  with  the  Trans-Pecos  Magmatic  Province  represented 
by  the  shaded  area.  The  asterisk  indicates  the  location  of  the  Crossen  Trachyte  section. 


kv  and  1.5  mA  for  low  Z  elements  (Si02,  AI2O3,  MgO,  Na20,  and  P2O5),  and  30  kv  and 
.1  mA  for  high  Z  elements  (Fe203,  CaO,  MnO,  K2O,  Ti02,  Y,  and  Nb).  Under  both 
operating  conditions,  each  sample  was  analyzed  three  times  for  a  300-second  accumulation 
and  these  analyses  were  fit  under  a  linear  regression  correction  program.  Precision  on  the 
x-ray  fluorescence  analyses  was  determined  by  multiple  analyses  of  USGS  standards  and 
was  within  five  percent  on  all  major  and  trace  elements  except  Fe2C>3,  CaO,  MgO,  and  Nb, 
which  are  within  eight  percent.  The  average  of  the  three  analyses  were  then  corrected  by 
comparison  with  USGS  standards  RGM-1,  G-2,  GSP-1,  and  QLO-1,  which  were  run  at  the 
same  time  and  operating  conditions  as  the  samples.  To  minimize  the  matrix  problem 
inherent  in  x-ray  fluorescence  analyses,  the  k-ratios  of  the  standards  were  compared  to  the 
k-ratio  of  the  samples  for  each  element.  The  standards  with  k-ratios  that  closely  bracketed 
those  of  the  sample  for  each  element  were  selected  to  correct  the  sample  values.  A 
correction  factor  was  generated  for  each  element  by  ratioing  the  reported  valued  of  the 
USGS  standard  to  the  measured  value  of  the  standard.  The  appropriate  correction  factor 
then  was  multiplied  by  the  averaged  value  for  each  element  in  the  sample.  The  x-ray 
fluorescence  data  for  the  13  samples  are  listed  in  Table  1. 

Most  trace  elements  were  determined  by  instrumental  neutron  activation  analysis.  Two 
splits  of  each  of  the  13  samples  and  nine  USGS  standards  were  irradiated  at  the  Texas  A 
&  M  Nuclear  Science  Center  for  six  hours  in  a  neutron  flux  of  approximately  8  x  10l2n/ 
cm2  second.  Each  sample  was  counted  on  a  coaxial  PHYGE™  hyperpure  germanium 
intrinsic  detector.  Peak  identification  and  deconvolution  were  determined  using  Tracor 
Northern’s  Peak  Search™  program  (Schmidt  and  McMillan,  1976).  When  the  Peak 
Search™  program  failed  to  deconvolute  interference  peaks  of  233Pa  (300.1  kev)  on  l60Tb 


INTRAFLOW  ELEMENT  IN  CROSSEN  TRACHYTE 


73 


09 

cd 

U- 


cd 

X 


~  6 

UJ  <u 

d  UL 
ec 
< 

H 


rf 

m 

O' 

O' 

o 

o 

in 

m 

in 

re 

o 

CM 

re 

CM 

r— 

rt- 

p 

re 

p 

rf 

— « 

CM 

p 

CM 

— 

vd 

rf 

sd 

d 

d 

rt 

id 

d 

d 

d 

O' 

CM 

sd 

sO 

O' 

re 

so 

rf 

m 

rr 

o 

rT 

rf 

>n 

sO 

CM 

in 

O' 

re 

CM 

CM 

OO 

p 

p 

O' 

rf; 

00 

rf 

CM 

CM 

sO 

r-~ 

— ; 

— 

in 

fd 

id 

d 

d 

rf 

id 

d 

d 

d 

r-' 

CM 

so 

O' 

re 

so 

ra¬ 

o 

>n 

O' 

>n 

rf 

r- 

r— 

l— 

O' 

CM 

rf 

_ 

c¬ 

re 

in 

oo 

oo 

p 

rf 

— ■ 

— 

p 

— 

p 

— 

in' 

rf 

id 

d 

d 

d 

id 

d 

d 

d 

r-‘ 

o< 

OO 

so 

O' 

CM 

«n 

O' 

m 

'd’ 

O' 

re 

r- 

re 

rf 

sO 

in 

m 

O' 

c- 

O 

>n 

re 

CM 

p 

o 

rf 

— 

CM 

o 

sO 

p 

r-’ 

rf 

id 

d 

— J 

rr 

sd 

d 

d 

d 

d 

sd 

ii- 

SO 

o 

re 

sO 

re 

er 

sO 

rt 

sO 

m 

m 

sO 

>n 

re 

m 

>n 

O' 

— 

p 

CM 

rf 

CM 

p 

p 

rr 

— 

CM 

p 

p 

oo 

id 

<-d 

sd 

d 

rf 

id 

d 

d 

d 

oo 

sd 

>n 

sO 

O' 

re 

sO 

O' 

>n 

re 

rf 

OO 

r- 

o 

re 

sO 

sO 

c- 

rf 

oo 

CM 

CM 

— 

rf 

oo 

r- 

r- 

rt 

— 

CM 

CM 

>n 

sd 

rf 

sd 

d 

d 

rf 

id 

d 

d 

d 

O' 

re 

CM 

sO 

O' 

re 

so 

C- 

>n 

re 

sO 

r— 

O' 

O' 

sO 

r-- 

oo 

oo 

O' 

O 

_ 

m 

p 

p 

rf 

oo 

OO 

c- 

rfr 

— 

— 

p 

— 

re 

r- 

<d 

id 

d 

d 

rf 

id 

o 

d 

d 

d 

CM 

re 

sO 

o 

re 

so 

r- 

re 

o 

r- 

r-~ 

sO 

CM 

rt 

sO 

re 

r- 

O 

sO 

p 

O 

'd- 

rt 

r- 

~ 

oo 

rfr 

— 

CM 

CM 

rf 

O' 

uS 

rt 

sd 

d 

d 

rt 

id 

d 

o 

d 

OO 

re 

sd 

sO 

O' 

re 

m 

m 

O' 

oo 

oo 

oo 

m 

oo 

>n 

in 

re 

rt 

O' 

o 

in 

oo 

in 

— 

rf 

r- 

>n 

r— 

— 

— - 

O' 

re 

CM 

sd 

d 

sd 

o 

d 

rt 

id 

d 

d 

d 

O'" 

_■ 

Os' 

so 

O' 

re 

in 

O' 

oo 

ri¬ 

re 

O' 

C— 

O' 

rf 

oo 

r- 

oo 

rt 

rr 

O'; 

oo 

se 

rf 

oo 

p 

p 

rf 

— 

— 

p 

oo 

rf 

T^’ 

>d 

<d 

sd 

d 

d 

rf 

id 

o 

d 

o 

oo 

oo 

CM 

SO 

O' 

CM 

sO 

>n 

c- 

r- 

o 

o 

O' 

O' 

in 

oo 

r- 

so 

>n 

re 

re 

© 

oo 

«n 

rt 

oo 

oo 

rr 

— 

— 

m 

o 

CM 

sd 

rd 

sd 

d 

d 

rJ- 

id 

d 

d 

o 

oo 

o 

r-' 

so 

O' 

re 

>n 

CM 

oo 

in 

CM 

rf 

oo 

sO 

C— 

r- 

oo 

rf 

CM 

in 

CM 

CM 

rf 

oo 

in 

r- 

rT 

— 

— 

p 

>n 

p 

sd 

rt 

so 

d 

d 

rf 

id 

d 

d 

d 

oo' 

d 

rf 

sO 

O' 

re 

so 

so 

oo 

CM 

C~ 

rt 

re 

in 

m 

oo 

o 

oo 

C- 

so 

o 

p 

in 

re 

oo 

oo 

p 

rf 

CM 

so 

p 

p 

r-‘ 

rf 

wd 

d 

d 

rf 

*d 

d 

d 

d 

O' 

cm' 

so 

O' 

re 

c~ 

d 

Z 

ju 

— 

hJ 

D. 

6 

ed 

o 

o 

6  o 

O 

c3 

o 

<a 

o 

d 

o 

O 

c 

iS 

o 

X) 

CTJ 

c/5 

< 

U* 

u 

Z 

H 

CL,' 

2 

H 

Z 

>- 

74 


THE  TEXAS  JOURNAL  OF  SCIENCE  VOL.  38,  NO.  1,  1986 


(298.5)  and  59Fe  (142.6  kev)  on  141Ce  (145.4  kev),  they  were  corrected  using  the  method  of 
Laul  (1979).  Precision  of  the  instrumental  neutron  activation  analysis  data  is  based  on 
multiple  analyses  of  USGS  standards,  and  is  better  than:  five  percent  for  Rb,  La,  Ce,  Hf, 
Lu,  Th,  Ta,  and  Sc;  seven  percent  for  Cs,  Yb,  Nd,  Eu,  and  Zn;  and  12  percent  for  Ba, 
Sm,  Tb,  Zr,  and  Co.  The  two  splits  of  each  sample  were  well  within  analytical  uncertainty 
and  the  averaged  values  for  each  sample  are  listed  in  Table  2. 

Petrography  and  Nomenclature 

The  13  samples  of  the  Crossen  Trachyte  collected  were  petrographically 
homogenous.  They  were  holocrystalline  with  approximately  90-95  percent 
of  the  rock  consisting  of  sanidine  and  anorthoclase,  both  of  which 
occurred  in  the  groundmass  and  as  phenocrysts.  The  phenocrysts  were  up 
to  two  millimeters  in  length,  subhedral,  and  exhibited  limited  zoning 
around  some  of  the  rims.  Primary  quartz  was  present  in  all  samples  and 
comprised  between  five  to  seven  percent  of  the  rock.  Opaques,  mainly 
oxidized  iron  minerals,  comprised  three  to  five  percent  of  the  rock. 
Secondary  calcite  (up  to  three  percent)  was  present  in  the  groundmass 
and  as  rims  replacing  some  feldspar  phenocrysts. 

Detailed  petrographic  and  chemical  analyses  of  the  Crossen  Trachyte 
indicates  it  has  higher  modal  quartz  (five  to  seven  percent)  and  normative 
quartz  (13  percent)  than  would  be  consistent  with  a  trachyte.  Goldich  and 
Elms  (1949)  reported  71.17  weight  percent  Si02  for  one  analysis  of  the 
Crossen  Trachyte.  However,  they  attributed  the  higher  Si02  values  to  the 
introduction  of  secondary  silica.  Our  average  Si02  analyses  for  the 
Crossen  Trachyte  was  66  weight  percent,  and  we  found  no  evidence  of 
secondary  quartz.  Based  on  IUGS  classification  (modal  analysis)  and  the 
normative  mineralogy  of  the  rock,  we  believe  the  Crossen  Trachyte 
should  be  designated  as  an  alkali  quartz  trachyte. 

Discussion 

Within  the  section  of  Crossen  Trachyte  sampled,  none  of  the  major  or 
trace  elements,  with  the  exception  of  Cs,  showed  any  variation  outside 
of  analytical  uncertainty.  However,  while  the  major  elements  showed  no 
particular  stratigraphic  trend,  the  large  ion  lithophile  elements  such  as  Zr 
and  Nb  showed  marked  stratigraphic  trends  with  samples  4  and  1 1  being 
depleted  in  these  elements  relative  to  the  other  samples  (Figure  2). 
Although  not  supported  by  statistical  arguments,  we  believe  the  observed 
distribution  is  real  as  it  would  be  somewhat  fortuitous  to  have  such  a 
number  of  elements  exhibiting  similar  trends.  Below,  these  “trends”  are 
evaluated  in  terms  of  mechanisms  that  can  effect  element  distribution  in 
igneous  systems  including  crystal  fractionation,  random  distribution  of 
primary  mineral  phases,  secondary  mineralization,  and  post-emplacement 
processes. 


Table  2.  INAA  values  for  the  Crossen  Trachyte  section.  All  values  in  parts  per  million. 
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Table  3.  Average  normative  mineralogy  for  the  Crossen  Trachyte. 


Quartz 

13.05% 

Orthoclase 

34.65% 

Albite 

38.78% 

Anorthite 

2.01% 

Diopside 

1.84% 

Hypersthene 

7.13% 

Magnetite 

1.24% 

Ilmenite 

.87% 

Apatite 

.43% 

It  is  well  known  that  crystal  fractionation  of  most  phases  has  a  strong 
influence  on  the  distribution  of  many  trace  elements,  especially  the  rare- 
earth  elements  (Schilling  and  Winchester,  1967;  Hanson,  1980).  With  the 
Crossen  Trachyte,  there  is  no  change  in  the  proportions  of  the  rare-earth 
elements  although  there  is  some  variation  in  absolute  abundance  of  these 
elements  (Figure  3).  Alkali  feldspar  is  the  dominant  phase  in  the  Crossen 
Trachyte.  However,  there  is  no  evidence  for  feldspar  fractionation  in  this 
series  of  rocks  as  there  is  a  narrow  range  in  Eu  /  Eu*  (.89-. 92).  The  only 
phases  that  could  be  fractionating  and  produce  the  rare  earth  element 
patterns  observed  would  be  those  that  do  not  discriminate  between  these 
elements  (for  example,  olivine  or  quartz).  Olivine,  however,  was  not 
observed  in  our  samples  and  therefore  will  not  be  considered  further. 

As  most  elements  are  incompatible  in  quartz,  progressive  fractionation 
of  quartz  should  deplete  Si  in  the  melt  while  enriching  other  constituents. 
Within  the  Crossen  Trachyte  section,  there  appears  to  be  no  correlation 
in  the  relative  depletion  of  Si02  and  concomentant  enrichment  of  other 
elements. 

It  appears  that  in  situ  crystal  fractionation  is  not  a  major  factor  in 
influencing  the  distribution  of  elements  throughout  the  section.  As  an 
alternative,  we  examined  the  effect  that  heterogeneous  distribution  of 
phases  might  have  on  producing  the  observed  stratigraphic  trends.  In 
other  words,  assuming  that  the  Crossen  Trachyte  was  an  open  system  on 
the  hand  specimen  scale.  As  alkali  feldspar  is  the  dominant  phase  in  the 
Crossen  Trachyte,  if  the  abundance  of  this  phase  varied  stratigraphically 
we  would  expect  to  see  this  variation  reflected  in  the  Rb  /  Ba  ratio. 
However,  the  Rb  /  Ba  ratio  has  a  relatively  narrow  range  (.07  to  .09)  and 
petrographic  evidence  does  not  support  much  variation  in  the  distribution 
of  feldspar.  Although  not  observed  in  thin  section,  zircon  would  have 
significant  control  on  the  concentration  and,  hence,  stratigraphic 
distribution  of  Zr,  Ce,  Y,  Nb,  and  Th,  which  are  compatible  elements  in 
zircon  and  should  exhibit  similar  trends.  However,  no  consistent 
stratigraphic  correlation  between  these  elements  was  seen. 


INTRAFLOW  ELEMENT  IN  CROSSEN  TRACHYTE 


77 


Figure  2.  Stratigraphic  distribution  of  selected  trace  elements.  The  error  bar  represents  2a 
uncertainty. 


Another  possible  mechanism  for  the  element  variation  could  be  the 
presence  of  secondary  phases.  There  is  some  secondary  calcite  both  in  the 
groundmass  and  replacing  some  phenocrysts.  Petrographically,  there 
appears  to  be  no  preferential  concentration  of  calcite  in  any  one 
stratigraphic  horizon;  this  is  supported  by  the  chemical  data  which  shows 
no  significant  variation  in  Ca  throughout  the  section.  Therefore,  we 
believe  there  is  no  association  between  the  distribution  of  secondary 
calcite  and  the  stratigraphic  trends  exhibited  by  some  elements  in  our 
samples. 

We  did  not  observe  any  secondary  silica  in  the  samples  we  collected. 
If  secondary  silica  were  present,  it  would  lead  to  a  dilution  of  the  rare- 
earth  elements  (Dostal  and  Strong,  1983)  and  might  explain  the  rare- 
earth  elements  patterns  seen  within  the  Crossen  Trachyte.  However, 
silicification  should  lead  to  a  dilution  of  all  elements  in  a  given 
stratigraphic  position  and,  again,  this  is  not  consistent  with  our  data. 

Based  on  the  preceding  discussion  it  would  seem  that  we  must  call 
upon  post  emplacement  processes  to  produce  the  stratigraphic  elemental 
variation  detected  in  the  Crossen  Trachyte  (for  example,  volatile 
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Figure  3.  Total  variation  in  the  rare-earth  element  patterns  of  the  Crossen  Trachyte 
samples. 

transport).  McDonald  and  Bailey  (1973)  determined  that  peralkaline 
rocks  have  relatively  high  concentrations  of  Cl  and  F  available  for 
complexing  with  other  ions.  Flourine  volatile  complexing  may  remove 
large  ion  lithophile  elements  such  as  Zr,  Hf,  Ta,  and  the  rare-earth 
elements  preferentially  to  other  elements  (Borodin  and  Pavlenko,  1974). 
This  process  would  produce  trends  consistent  with  the  elemental 
distribution  observed  in  the  Crossen  Trachyte  section  as  the  majority  of 
the  large  ion  lithophile  elements  show  similar  stratigraphic  trends. 
Although  the  rare-earth  elements  show  variation  in  absolute  abundance, 
their  relative  proportions  do  not  vary;  this  type  of  rare-earth  elements 
behavior  has  been  attributed  to  post  magmatic  processes  in  other  thick 
trachyte  and  comendite  flows  (Baker  and  Henage,  1977).  The  wide  range 
in  Cs  (1.68  to  .61  parts  per  million)  is  not  easily  modeled.  Unlike  the 
other  large  ion  lithophile  elements,  Cs  is  readily  mobilized  in  peralkaline 
rocks  and  Baker  and  Henage  (1977)  reported  losses  of  Cs  up  to  46 
percent  in  comendites  from  the  Kenya  Rift  Valley.  Therefore,  the 
apparent  inconsistency  in  behavior  we  observe  between  Cs  and  the  other 
large  ion  lithophile  elements  may  be  explained  by  Cs  being  more  easily 
mobilized.  Sodium,  another  large  ion  alkali  element,  does  not  show  the 
erratic  behavior  of  Cs.  The  apparent  discrepancy  in  the  behavior  of  these 
elements  may  be  resolved  as  alkaline  rocks  with  (Na  +  K)/  A1  <  1,  such 
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as  the  Crossen  Trachyte,  retain  sodium  in  the  alkali  feldspar  thereby 
making  it  less  available  for  complexing  with  flourine  (Kogarko,  1974). 

Although  volatile  transport  seems  to  be  a  viable  mechanism  for  the 
element  variation  seen  in  the  large  ion  lithophile  elements,  it  is  important 
to  reemphasize  that  the  variation  seen  is  not  outside  our  analytical 
uncertainty.  In  addition,  although  the  absolute  abundances  of  these 
elements  vary,  their  relative  proportions  do  not.  This  is  reflected  in  the 
rare-earth  patterns  and  element  ratios,  such  as  Hf  /  Zr,  which  show  no 
stratigraphic  variation. 


Conclusions 

Thirteen  samples  collected  from  a  20-meter-thick  vertical  section  of  the 
Crossen  Trachyte  showed  no  variation  outside  analytical  uncertainty  for 
all  elements  except  cesium.  However,  there  was  a  definite  stratigraphic 
pattern  observed  for  Zr,  Hf,  Nb,  and  the  rare-earth  elements  that  is 
believed  to  be  real.  The  probable  mechanism  for  the  production  of  this 
pattern  is  post-emplacement  volatile  transport,  which  would  mobilize  the 
large  ion  lithophile  elements  relative  to  other  elements.  The  greater 
variation  in  Cs  suggests  that  it  may  be  more  easily  mobilized  and  hence 
removed  more  readily  from  the  system.  Even  though  the  data  support 
some  volatile  transport  of  the  large  ion  lithophile  elements,  it  appears 
that,  except  for  Cs,  the  elements  are  not  mobilized  significantly  enough 
to  preclude  their  use  in  petrogenetic  modeling. 
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RESOLUTION  OF  ONE  ENANTIOMER  OF 
(+)-l,l-DICHL0R0-2-(0-CHL0R0PHENYL) 
-2-(P-CHLOROPHENYL)ETHANE 


James  Guilford,  Eugene  Hickman,  and  Debabrata  Ghosh 

College  of  Pharmacy  and  Health  Sciences,  and  Department  of  Biology  (DG), 

Texas  Southern  University,  Houston,  Texas  77004 

Abstract. — The  chemical  resolution  of  one  of  the  enantiomers  of  mitotane,  (±)-l,I- 
dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane,  which  is  used  to  treat  inoperable 
adrenal  cortical  carcinoma,  is  described.  Resolution  of  an  intermediate  racemate  with  (+)- 
tartaric  acid  gave  (±)-l,l-dichloro-2-(chloro-5-aminophenyl)-2-(4-chloro-3-aminophenyl)e- 
thane.  This  intermediate  is  then  converted  to  (-)-l,l-dichloro-2-(o-chlorophenyl)-2-(p- 
chlorophenyl)ethane  via  diazotization.  Preliminary  results  indicate  that  the  levorotatory 
isomer  of  mitotane  has  a  significant  effect  on  cortisol  levels  in  mongrel  dogs.  Key  words : 
mitotane;  chemical  resolution;  cortisol  levels. 


Kupfer  (1975)  established  that  (±)-l,  l-trichloro-2-(o-chlorophenyl)-2- 
(p-chlorophenyl)ethane  (I)  is  estrogenic  in  both  avian  and  mammalian 
systems.  The  resolution  of  I  was  carried  out  by  McBlain  and  Wolfe 
(1975)  and  McBlain  et  al.  (1977).  McBlain  et  al.  (1976)  reported  that  the 
enantiomeric  forms  differ  in  their  estrogenic  activity.  The  latter  finding 
has  prompted  us  to  attempt  the  resolution  of  the  enantiomers  of  (±)-l,l- 
dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane  (II),  known  as 
mitotane  (o,p’DDD).  This  drug  is  the  only  one  now  available  for  the 
treatment  of  adrenal  cortical  carcinoma.  The  use  of  mitotane  in  treating 
adrenal  cortical  carcinoma  has  been  described  by  Hutter  and  Kayhoe 
(1966),  Bergenstal  et  al.  (1960),  and  Lubitz  et  al.  (1973).  The  exact 
biochemical  mechanisms  of  action  are  unknown.  However,  Hart  and 
Straw  (1971a,  1971b)  demonstrated  that  mitotane  inhibits  cortisol 
biosynthesis  in  the  adrenal  cortex  by  limiting  the  conversion  of 
cholesterol  to  pregnenolone.  Martz  and  Straw  (1976)  found  that  mitotane 
decreases  P-450  and  microsomal  protein  content  in  the  dog  adrenal 
cortex. 

Treatment  of  III  (Aldrich  Chemical  Company,  Milwaukee,  Wisconsin) 
with  fuming  HNO3-H2SO4  gave  (±)-l ,  l-dichloro-2-(2-chloro-5- 
nitrophenyl)-2-(4-chloro-3-nitrophenyl)ethane  (III),  75  percent,  m.p. 
129;130°C.  Reduction  of  III  with  an  alcoholic  solution  of  SnCE  gave 
(±)-l,l-dichloro-2-(2-chloro-5-aminophenyl)-2-(4-chloro-3-aminophenyl)e- 
thane  (IV,  94  percent).  This  product  was  recrystallized  from  petroleum 
ether  to  a  constant  melting  point,  m.p.  5 1-52°  C.  With  the  aid  of  (±)- 
tartaric  acid  and  fractional  crystallization,  IV  was  resolved  from  EtOH 
to  give  one  of  the  disatereoisomer,  V,  which  has  the  following 
characteristics:  m.p.  131-132°C;  (a)25D  (c  0.8  CHCh)  +  16.0°.  The 
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Figure  1.  Route  for  the  resolution  of  one  enantiomer  of  (±)-l,I-dichloro-2-(o- 
chlorophenyl)-2-(p-chlorophenyl)ethane. 
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Table  1.  Essential  data  for  the  intermediates  (III-VI)  and  the  levorotatory  isomer  (VII)  in 
the  optical  resolution  of  (±)-l ,  l-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane. 


No.1 

M.P.  °C 

Formula2 

Calculated 

Found 

C 

H 

N 

C 

H 

N 

Ill 

1 29-1 30° C 

C,4H8Cl4N204 

41.00 

1.97 

6.83 

41.05 

1.97 

6.80 

IV 

51-52 

C,4H,2C14N2 

48.03 

3.46 

8.00 

48.11 

3.44 

7.92 

V 

131-132 

C,8H,8Cl4N206 

43.22 

3.63 

5.60 

43.20 

3.64 

5.59 

VI 

53-54 

C,4H12C14N4 

48.03 

3.64 

8.00 

48.01 

3.50 

8.11 

VII 

78-79 

C14H10Q4 

52.54 

3.15 

52.51 

3.20 

'All  compounds  were  recrystallized  to  constant  melting  point.  Melting  points  are 
uncorrected. 

2 All  optical  isomers  were  also  recrystallized  to  constant  specific  rotation. 


resolved  amine,  (±)-l,  l-dichloro-2-(2-chloro-5-aminophenyl)-2-(4-chloro- 
3-aminophenyl)ethane,  (V),  was  obtained  by  treating  the  disatereoisomer 
with  dilute  NaOH,  m.p.  53-53°C;  (a)25D  (c  1.5  CHCh)  +  4.8°.  The 
optically  pure  amine,  VI,  was  converted  to  the  diazonium  salt  through 
the  use  of  HC1  and  NaNCh.  Without  isolation  the  diazonium  salt  was 
converted  to  (-)-l , l-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane 
(VII)  by  the  addition  of  H3PO2.  Recrystallization  from  EtOH  to  constant 
rotation  gave  a  product  with  the  following  characteristics:  m.p.:  78-79° C; 
(a)25D  (c  1.0  CHCh)— 35.0°.  The  essential  data  for  compounds  III 
through  VII  are  presented  in  Table  1.  The  resolution  of  o,p’DDD  is 
outlined  in  Figure  1. 

Preliminary  in  vivo  studies  in  mongrel  dogs  indicated  that  the 
enantiomer,  VII,  is  more  potent  than  mitotane,  a  reacmic  mixture. 
Intravenous  injection  of  1  mg/ kg  and  10  mg/ kg  I.V.  of  mitotane. 
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DIET  OF  THE  BLUE  CRAB,  CALLINECTES  SAPIDUS  RATHBUN, 
FROM  NEARSHORE  HABITATS  OF  GALVESTON  ISLAND,  TEXAS 

Steve  K.  Alexander 

Department  of  Marine  Biology,  Texas  A&M  University  at  Galveston, 
Galveston,  Texas  77553-1675 


Abstract. — Blue  crabs,  Callinectes  sapidus,  caught  from  salt  marsh,  brackish  marsh, 
beach,  and  nonvegetated  bay  habitats  of  Galveston  Island,  Texas,  were  examined  for 
feeding  behavior  and  diet.  Six  types  of  feeding  behavior  were  observed  in  the  field,  which 
allowed  blue  crabs  to  procure  a  variety  of  food  items  (10  categories).  Of  409  stomachs  with 
food,  42  percent  contained  molluscs,  29  percent  vascular  plants,  26  percent  fish,  25  percent 
benthic  algae,  and  21  percent  crustacean  exoskeleton.  Diet  appeared  to  be  a  reflection  of 
both  size  (larger  crabs  carapace  width  >  60  mm,  utilized  molluscs,  fish,  and  crustaceans 
more  frequently)  and  food  availability.  Based  on  observations  of  feeding  behavior  and 
stomach  analysis,  the  blue  crab  occupies  detritivore,  omnivore,  and  primary  carnivore 
trophic  levels  in  this  coastal  ecosystem.  Key  words:  blue  crab;  Callinectes  sapidus ;  diet; 
feeding  behavior. 


The  blue  crab,  Callinectes  sapidus  Rathbun,  is  a  commercially 
important  species  along  the  coasts  of  the  Atlantic  and  Gulf  of  Mexico 
of  the  United  States.  In  1983,  191.8  million  pounds  of  blue  crabs  valued 
at  $55.1  million  dollars  were  caught  in  United  States  commercial  landings 
(Fisheries  of  the  United  States,  1984).  In  addition  to  commercial  value, 
blue  crabs  are  ecologically  important  species  in  estuaries  where  they  are 
major  biological  components  (Darnell,  1961;  Livingston  et  al.,  1977; 
Weinstein,  1979)  and  effective  benthic  predators  (Virnstein,  1977; 
Laughlin,  1982).  Due  to  the  commercial  and  ecological  significance  of  the 
blue  crab,  a  considerable  amount  of  basic  and  applied  research  has  been 
conducted  on  this  species.  The  majority  of  this  information  has  been 
summarized  recently  by  Millikin  and  Williams  (1984). 

The  food  habits  of  the  blue  crab  have  been  the  focus  of  several  studies 
(Darnell,  1958;  Tagatz,  1968;  Odum  and  Heald,  1972;  Laughlin,  1982). 
These  studies  described  a  variety  of  feeding  niches  for  C.  sapidus , 
including  scavenger,  cannibal,  detritivore,  omnivore,  and  carnivore. 
Principle  food  items  included  bivalves,  fish,  crustaceans,  small  benthic 
infauna,  algae,  and  vascular  plants. 

The  blue  crab  is  an  abundant  species  along  the  Texas  coast  in  habitats 
ranging  from  upper  bay  systems  to  shallow  offshore  waters  of  the  Gulf 
of  Mexico.  While  the  general  biology  of  this  species  is  well  known  in 
Texas  waters  (More,  1969),  information  on  diet  is  lacking.  Such 
information  is  vital  for  effective  management  of  this  species.  The  present 
study  examined  the  diet  of  the  blue  crab  from  nearshore  habitats  of 
Galveston  Island,  Texas. 
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Materials  and  Methods 

Blue  crabs  were  captured  in  shallow,  nearshore  waters  of  bay  and  beach  habitats 
surrounding  Galveston  Island,  Texas.  Collections  were  made  during  daylight  hours  in  the 
summers  of  1982,  1983,  1984,  and  spring  of  1985.  Crabs  were  captured  in  water  depths 
ranging  from  0. 1-1.5  meters  with  either  a  dip  net,  cast  net,  or  seven-meter-long  bag  seine 
(3-mm  mesh  bag).  The  following  observations  and  parameters  were  recorded  concurrent 
with  collections:  1)  water  salinity  by  a  hand-held  refractometer;  2)  water  temperature  by 
a  mercury-filled  glass  thermometer;  3)  bottom  character  (sand  /  silt,  silt  /  clay,  sand,  oyster 
shell,  riprap  rock);  4)  presence  or  absence  of  shoreline  vegetation;  and  5)  feeding  behavior 
when  captured. 

Immediately  after  capture,  crabs  were  transported  to  the  laboratory  in  an  ice  chest  and 
frozen  until  analysis.  After  thawing,  crabs  were  verified  as  C.  sapidus  (presence  of  two 
broad  based,  triangular  teeth  located  on  the  front  between  inner  orbital  teeth),  sex  was 
recorded,  and  a  measurement  was  taken  of  carapace  width  (including  lateral  spines). 
Stomachs  were  removed  and  placed  into  a  petri  dish  where  the  contents  were  emptied  for 
identification  using  a  stereomicroscope.  In  addition  to  listing  food  items  present,  items 
comprising  the  bulk  of  stomach  contents  also  were  tabulated. 


Results  and  Discussion 

A  total  of  449  blue  crabs  was  collected.  Of  these,  240  were  males  and 
209  were  females.  Of  the  449  captured,  409  (91  percent)  contained 
identifiable  food  items  in  the  stomach.  Blue  crabs  containing  food  came 
from  the  following  habitats:  1)  63  percent  from  West  Bay  salt  marshes 
dominated  by  Spartina  alterniflora  with  either  a  sand  /  silt  or  silt  /  clay 
bottom;  2)  18  percent  from  Gulf  of  Mexico  beaches  with  either  a  sand 
or  riprap  rock  bottom;  3)  10  percent  from  brackish  marshes  dominated 
by  Juncus  roemerianus,  Scirpus  olneyi,  Distichlis  spicata,  and  Sporobolus 
virginicus  with  either  a  sand  /  silt  or  silt  /  clay  bottom;  and  4)  nine  percent 
from  nonvegetated  shorelines  of  the  Galveston  Bay  system  with  either  a 
sand/  silt,  oyster  shell,  or  riprap  rock  bottom.  Water  salinity  at  collection 
sites  ranged  from  a  low  of  14  parts  per  thousand  in  brackish  marshes  to 
a  high  of  36  parts  per  thousand  in  the  Gulf  of  Mexico.  Water 
temperature  ranged  from  16°C  in  spring  to  36°  C  in  summer. 

Blue  crabs  captured  ranged  in  size  from  14-181  mm  in  carapace  width. 
Young  individuals,  less  than  31  mm,  represented  nine  percent  of  all  crabs 
caught.  Juveniles,  from  31-60  mm,  represented  14  percent.  The  majority 
of  crabs  captured  (77  percent)  had  a  carapace  greater  than  60  mm  wide. 

Six  types  of  feeding  behavior  were  observed  in  the  field.  Blue  crabs 
were  observed  to  eat  dead  and  decaying  fish.  Two  feeding  behaviors 
appeared  to  be  focused  on  obtaining  plant  material — picking  with  chelae 
at  mats  of  filamentous  algae  on  sediment  and  at  lower  stems  of  S. 
alterniflora  at  high  tide.  The  last  three  feeding  behaviors  observed  were 
designed  to  catch  live  animal  prey  in  shallow  waters — stalking  small  fish, 
digging  with  walking  legs  in  sediment  (a  behavior  described  by  Blundon 
and  Kennedy,  1982,  to  uncover  molluscs),  and  grasping  exposed  mussels 
with  chelae.  The  feeding  behavior  documented  by  Hamilton  (1976),  that 
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Table  I.  Alphabetical  listing  of  all  food  items  in  the  stomachs  of  the  blue  crab,  C.  sapidus. 


Amphipods 
Benthic  algae 

Crustacean  exoskeletons  (crab  and  shrimp) 

Fish  (vertebrae,  scales,  flesh) 

Foraminifera 

Indigestible  litter  (glass,  charcoal,  rubber,  wood,  plastic,  fishing  line,  aluminum  foil) 
Isopods 

Molluscan  shell  (bivalve  and  gastropod) 

Polychaetes 

Sand 

Seaweed  ( Sargassum ) 

Vascular  plants 


of  grasping  stems  of  S.  alterniflora  at  high  tide  in  order  to  reach 
Littorina  irrorata,  was  not  observed.  From  field  observations,  it  is  clear 
that  blue  crabs  display  versatility  in  their  ability  to  procure  food.  This 
versatility  is  apparent  in  the  range  of  food  items  found  in  the  stomach 
(Table  1).  In  all,  10  categories  of  food  items  were  identified  that  represent 
a  potential  contribution  of  organic  carbon  to  the  diet. 

The  relative  importance  of  each  food  item  in  the  diet  is  presented  in 
Table  2.  With  the  exception  of  sand,  molluscs  represented  the  item  most 
frequently  found  in  stomachs.  In  the  majority  of  stomachs  in  which 
molluscs  occurred,  shell  represented  the  bulk  of  material  present. 
Molluscs  were  also  the  most  frequent  food  item  of  blue  crabs  from  Lake 
Pontchartrain,  Louisiana  (Darnell,  1958),  St.  Johns  River,  Florida 
(Tagatz,  1968),  and  Apalachicola  Bay,  Florida  (Laughlin,  1982).  Fish  and 
crustaceans,  important  food  items  in  the  present  study,  were  also 
principal  diet  components  in  studies  by  Tagatz  (1968)  and  Laughlin 
(1982). 

The  present  study  is  the  only  one  to  suggest  a  significant  contribution 
of  plant  material  to  the  diet  of  the  blue  crab.  Vascular  plants  and  algae 
were  found  in  29  percent  and  25  percent  of  stomachs,  respectively.  In  42 
stomachs  (10  percent  of  all  stomachs  containing  food),  vascular  plant 
material  was  either  the  only  or  principal  food  item.  Contrariwise,  Darnell 
(1958)  found  no  more  than  11  percent  plant  material  (by  volume)  in 
stomachs  of  blue  crabs  from  Lake  Pontchartrain,  Louisiana.  Likewise, 
Tagatz  (1968)  found  plant  material  in  only  8.5  percent  of  668  stomachs, 
whereas  Laughlin  (1982)  reported  that  plant  material  averaged  only  four 
percent  of  the  weight  of  stomach  material.  The  greater  contribution  of 
plant  material  in  the  present  study  is  likely  due  to  the  fact  that  73  percent 
of  all  crabs  were  caught  along  salt  marsh  and  brackish  marsh  shorelines 
where  both  vascular  plants  and  algae  are  abundant.  Studies  by  Darnell 
(1958),  Tagatz  (1968),  and  Laughlin  (1982)  did  not  focus  on  crabs  caught 
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Table  2.  Percentage  occurrence  of  food  items  in  409  stomachs  of  the  blue  crab,  C.  sapidus. 


Item 

Percent  occurrence 

Sand 

53 

Molluscan  shell 

42 

Vascular  plant 

29 

Fish 

26 

Benthic  algae 

25 

Crustacean  exoskeleton 

21 

Foraminifera 

8 

Polychaete 

5 

from  marsh  shorelines,  but  on  crabs  caught  from  deeper,  open  water 
areas  of  bays  where  plant  material  is  not  so  abundant. 

Two  factors  that  appeared  to  affect  the  diet  of  blue  crabs  were  size  and 
food  availability.  Young  crabs  (<31  mm)  utilized  vascular  plants,  algae, 
and  foraminifera  more  frequently  than  molluscs,  fish,  and  crustaceans, 
the  reverse  of  adult  crabs  (>60  mm),  and  their  stomachs  contained  more 
sand.  Such  an  ontogenetic  change  in  diet  was  observed  by  Laughlin 
(1982),  who  correlated  increased  strength,  mobility,  and  senses  in  adult 
crabs  with  more  successful  capture  and  consumption  of  larger,  more 
mobile  prey  species.  In  addition  to  size,  food  availability  appeared  to  be 
responsible  for  the  food  items  taken.  Two  examples  illustrate  this  point. 
Only  blue  crabs  caught  adjacent  to  salt  marsh  and  brackish  marsh 
shorelines  contained  stomachs  full  of  vascular  plant  material.  Also,  only 
crabs  from  the  beach  contained  Sargassum  and  speckled  crabs  ( Arenaeus 
cribrarius )  in  stomachs.  Both  these  food  items  are  abundant  only  on  the 
beach.  Several  previous  studies  have  indicated  that  diet  of  the  blue  crab 
is  mostly  influenced  by  the  availability  of  food  items  (Tagatz,  1968; 
Laughlin,  1982). 

Based  on  stomach  analysis,  blue  crabs  appear  to  function  at 
detritivore,  omnivore,  and  primary  carnivore  trophic  levels  in  this  coastal 
ecosystem.  Of  the  409  crabs  containing  food  items,  25  percent  contained 
only  plant  material.  A  mixture  of  plant  and  animal  material  (an 
omnivorous  diet)  was  found  in  36  percent  of  crabs,  whereas  39  percent 
contained  all  animal  material  (a  carnivorous  diet).  The  blue  crab  also 
occupies  several  trophic  levels  in  Apalachicola  Bay,  Florida  (Laughlin, 
1982). 
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GESTATION  AND  POSTNATAL  DEVELOPMENT 
OF  THE  PLAINS  POCKET  GOPHER 


Philip  D.  Sudman,  Jay  C.  Burns,  and  Jerry  R.  Choate 

Museum  of  the  High  Plains,  Fort  Hays  State  University,  Hays,  Kansas  67601 

Abstract. — Observations  on  gestation  and  postnatal  growth  of  captive  plains  pocket 
gophers,  Geomys  bursarius ,  indicated  that  some  of  the  published  assumptions  about  this 
species  were  erroneous.  The  gestation  period  of  one  female  was  at  least  51  days,  almost 
three  weeks  longer  than  previously  assumed.  Growth  and  development  of  a  litter  were 
described  from  date  of  birth  until  adult  size  and  pelage  were  attained.  Key  words:  Geomys 
bursarius\  gestation;  growth;  postnatal  development. 

Reproduction,  growth,  and  development  of  the  plains  pocket  gopher, 
Geomys  bursarius ,  have  not  been  studied  in  the  laboratory.  All  available 
information  has  resulted  from  observation  of  young  plains  pocket 
gophers  found  when  burrow  systems  were  excavated  (Vaughan,  1962)  or 
from  estimates  based  on  information  available  for  other  species  of  pocket 
gophers  (Barrington,  1942;  English,  1932;  Hill,  1934;  Wood,  1949,  1955). 
Accordingly,  the  birth  of  two  litters  of  plains  pocket  gophers  in  the 
laboratory  provided  us  with  an  opportunity  to  document  growth  rates 
and  developmental  stages  of  this  species  in  captivity. 

A  pregnant  plains  pocket  gopher  was  live-trapped  in  Finney  County, 
Kansas,  on  15  March  1985.  It  was  transferred  to  a  cage  with  several 
chambers  connected  by  tunnels,  where  it  gave  birth  to  three  young  on 
28  March  1985.  Total  length  and  weight  of  the  young  were  recorded  daily 
from  date  of  birth  until  day  60,  and  length  of  tail  and  length  of  hind 
foot  were  measured  daily  from  day  50  until  day  60;  beginning  at  day  60, 
all  measurements  were  recorded  weekly  until  day  151.  Observations  on 
development  and  molt  were  made  until  adult  size  and  pelage  were 
attained.  The  mother  was  fed  a  mixture  of  alfalfa  pellets  and  unsalted 
sunflower  seeds  and  was  given  fresh  carrots,  alfalfa,  and  potatoes  as  a 
source  of  moisture. 

At  birth,  the  three  young  were  as  described  by  Barrington  (1942) — pink 
and  naked  with  eyes,  ears,  and  cheek  pouches  closed.  Their  average 
weight  (5.0  grams)  and  total  length  (46  mm)  were  slightly  less  than 
recorded  for  newborn  southeastern  pocket  gophers,  Geomys  pinetis 
(Pembleton  and  Williams,  1978).  Vaughan  (1962)  reported  that  the 
average  weight  of  recently  born  plains  pocket  gophers  found  in  excavated 
burrows  in  Colorado  was  5.1  grams;  Wood  (1955)  stated  that  average 
weight  and  total  length  of  recently  born  Baird’s  pocket  gophers,  Geomys 
breviceps ,  also  found  in  burrows,  were  4.3  grams  and  49  mm, 
respectively;  Hill  (1934)  noted  that  average  weight  and  total  length  of 
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recently  born  Botta’s  pocket  gophers,  Thomomys  bottae ,  were  4.1  grams 
and  50  mm,  respectively. 

On  the  second  day,  the  remains  of  one  of  the  young  were  found  buried 
outside  the  nest  chamber.  Autopsy  revealed  that  it  was  a  male  and  that 
its  head  and  thorax  had  been  eaten.  This  observation  supports  the 
speculation  by  Johnson  (1926)  that  young  plains  pocket  gophers  born  in 
captivity  may  be  eaten  by  their  mothers. 

Upper  incisors  appeared  when  the  two  remaining  young  (one  male  and 
one  female)  were  six  days  old,  and  lower  incisors  erupted  three  days 
later.  The  pink  skin  began  to  get  darker  and  appear  fuzzy  on  the  sixth 
day,  and  hair  was  evident  by  day  10.  Eyes  opened  at  22  and  23  days  of 
age,  about  two  weeks  earlier  than  assumed  for  the  plains  pocket  gopher 
(Bee  et  al.,  1981)  and  three  to  four  days  earlier  than  reported  for  the 
northern  pocket  gopher,  Thomomys  talpoides  (Andersen,  1978).  As  soon 
as  their  eyes  opened,  the  young  exhibited  digging  and  grooming  behavior. 

The  young  were  first  observed  with  food  in  their  cheek  pouches  on  day 
32,  one  week  earlier  than  reported  by  Andersen  (1978)  for  the  northern 
pocket  gopher.  The  next  day  we  observed  that  the  adult  female  no  longer 
was  lactating,  indicating  that  the  young  were  weaned  at  between  four  and 
five  weeks  of  age.  Again,  this  is  about  two  weeks  earlier  than  previously 
assumed  for  the  plains  pocket  gopher  (Bee  et  al.,  1981;  Jones  et  al.,  1983) 
but  about  the  same  as  reported  for  Botta’s  pocket  gopher  (Miller,  1946). 
We  do  not  know  exactly  when  the  cheek  pouches  opened  but  suppose 
that  it  was  when  the  young  were  about  four  weeks  old. 

Fighting  between  siblings  first  occurred  on  day  38  and  was  observed 
frequently  thereafter.  Blood  commonly  was  seen  around  the  ears  of  both 
young  gophers,  presumably  as  a  result  of  such  encounters.  However,  the 
young  continued  to  live  in  the  same  chamber  as  their  mother  even  though 
other  chambers  were  available  for  their  use.  On  day  47,  the  smaller  of 
the  two  young  gophers  (the  female)  was  found  in  a  separate  chamber. 
The  next  day  it  was  back  with  its  mother  and  sibling.  On  day  51  and 
thereafter  for  four  days,  the  young  female  again  was  found  in  a  separate 
chamber.  We  subsequently  isolated  this  gopher  from  its  mother  and 
sibling.  The  young  male  remained  with  its  mother  until  the  mother  died 
of  unknown  causes  on  day  86.  These  observations  suggest  that  dispersal 
from  the  maternal  burrow  system  occurs  at  about  seven  weeks  of  age 
(Scheffer,  1931)  when,  as  previously  noted  by  Vaughan  (1962),  the  young 
gophers  weigh  80  to  100  grams. 

Molt  from  juvenile  to  adult  pelage  first  was  noted  on  day  61.  Molt 
began  on  the  head  and  spread  caudally  and  ventrally,  as  described  by 
Morejohn  and  Howard  (1956).  It  was  about  half  complete  by  day  104 
and  was  complete  except  on  the  rump  by  day  131.  The  location  of  the 
molt  line  did  not  change  after  day  131. 
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Figure  1.  Growth  curves  for  two  plains  pocket  gophers,  one  male  and  one  female,  born 
in  captivity.  The  solid  line  denotes  the  male,  whereas  the  dashed  line  represents  the 
female.  The  scale  for  total  length,  length  of  tail,  and  length  of  hind  foot  is  on  the  right, 
whereas  the  scale  for  weight  is  on  the  left. 


Growth  curves  (Fig.  1)  show  progressive  increase  in  weight  and  total 
length  (the  male  larger  than  the  female)  from  day  one  until  day  29,  when 
there  was  a  slight  decrease  in  weight.  This  decrease  corresponded  to  the 
time  of  weaning  and  apparently  represented  adjustment  to  solid  food. 
After  day  29,  weight  and  total  length  continued  to  increase  but  the 
former  fluctuated  more  than  before  the  young  were  weaned.  Growth 
slowed  at  about  day  60,  and  adult  weight  and  total  length  were  achieved 
by  about  day  100.  Likewise,  length  of  hind  foot  and  length  of  tail  showed 
no  appreciable  increase  after  day  100.  The  marked  decrease  in  weight 
observed  during  mid-summer  may  have  been  due  to  dehydration. 

Another  captive  female  gave  birth  to  one  young  on  4  May  1985.  The 
young  weighed  5.5  grams  and  was  50  mm  in  length  soon  after  birth,  and 
grew  to  6.4  grams  and  55  mm  by  the  second  day.  On  day  three,  it  was 
gone,  apparently  the  result  of  infanticide.  The  interesting  thing  about  this 
birth  is  that  the  female  was  live-trapped  in  Finney  County,  Kansas,  on 
15  March  1985  and  was  not  in  contact  with  a  male  after  that  time.  The 
gestation  period  for  this  female,  therefore,  was  at  least  51  days.  This  is 
20  days  longer  than  the  one-month  gestation  period  estimated  for  the 
plains  pocket  gopher  (see,  for  example,  Bee  et  al.,  1981)  and  more  than 
30  days  longer  than  the  18-day  gestation  period  reported  for  the  northern 
pocket  gopher  (Andersen,  1978)  and  Botta’s  pocket  gopher  (Schramm, 
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1961).  Obviously,  gestation  in  pocket  gophers,  especially  in  the  plains 
pocket  gopher,  needs  additional  study. 
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ENVIRONMENTAL  VARIABLES  OF  BIOLOGICAL 
IMPORTANCE  IN  TEXAS 


James  G.  Owen  and  David  J.  Schmidly 

Department  of  Wildlife  and  Fisheries  Sciences, 

Texas  A&M  University,  College  Station,  Texas  77843 

Abstract. — A  table  of  values  is  presented  for  15  environmental  variables  of  potential 
biological  importance  in  Texas.  These  variables  quantify  productivity,  altitude,  topographic 
heterogeneity,  and  a  variety  of  climatic  dimensions.  Most  of  these  variables  are  not 
normally  distributed,  according  to  the  Kolmogorov-Smirnov  One-Sample  Test.  Spearman’s 
coefficient  of  rank  correlation  indicates  that  many  of  them  are  highly  and  significantly 
correlated.  Principal  components  analysis  reveals  a  gradient  of  increasing  temperature  from 
north  to  south  and  an  orthogonal  gradient  of  increasing  precipitation  across  the  state. 
Based  on  these  vectors  four  climatic  regions  (warm-moist,  warm-dry,  cool-moist,  cool-dry) 
are  recognized  in  Texas.  An  interpretation  of  the  biological  meaning  of  the  variables  is 
presented.  These  data  are  of  potential  use  as  a  resource  base  for  studies  of  relationships 
between  environmental  factors  and  biological  variation.  Key  words :  environmental 
variables;  Texas. 


Texas  occupies  an  area  of  about  267,339  square  miles  (69.2  million 
hectares)  in  the  south-central  United  States.  On  an  east-west  axis  of 
about  773  miles  (1244  kilometers),  this  vast  region  serves  as  a  link 
between  the  highly  distinct  biotas  of  the  southeastern  deciduous  forests 
and  the  deserts  of  the  Southwest.  On  a  north-south  axis  of  about  801 
miles  (1289  kilometers),  Texas  links  the  Great  Plains  in  the  north  with 
a  subtropical  environment  along  the  coastline  of  Mexico  in  the  south. 

The  landforms  of  Texas  are  classified  into  four  physiographic 
provinces:  1)  Coastal  Plains  Province,  2)  Central  Lowland  Province,  3) 
Great  Plains  Province,  and  4)  Basin  and  Range  Province  (Fenneman, 
1931,  1938).  Elevations  within  the  state  vary  from  the  nearly  flat  Gulf 
Coastal  Plains  at  sea  level  to  the  highly  broken  topography  of  the  Basin 
and  Range  Province  in  the  Trans-Pecos  where  the  highest  mountain  in 
the  state,  Guadalupe  Peak,  reaches  8751  feet  (2667  meters). 

There  are  45  existing  vegetation  types  in  Texas  (McMahan  et  al., 
1984).  Vegetation,  except  as  modified  locally  by  soil  and  topography,  is 
primarily  a  reflection  of  climatic  conditions  (Painter,  1976;  Barbour  et 
al.,  1980).  The  thermal  regime  ranges  from  a  cool-temperate  climate  in 
the  northern  Panhandle  to  a  warm-temperate,  tropical  climate  in 
southern  Texas.  Rainfall  varies  from  abundant  in  the  southeastern  part 
of  the  state  to  low  in  the  western  part  of  the  Trans-Pecos. 

Climate  has  a  considerable  impact  upon  both  biotic  and  abiotic  aspects 
of  the  environment.  It  affects,  and  is  affected  by,  physiography,  surface 
and  underground  water,  and  edaphic  conditions.  Climate  also  affects 
organisms  directly  through  its  influence  on  vegetation  and  habitat  as  well 
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as  physiological  mechanisms  such  as  temperature  and  water  regulation 
(see  Griffiths,  1976,  for  a  discussion  of  the  role  of  climate  in  the 
environment). 

The  wide  range  of  climatic,  physiographic,  and  vegetation  conditions 
in  Texas  supports  a  rich  biota  consisting  of  139  species  of  native 
terrestrial  mammals  (Schmidly,  1984);  550  species  of  birds,  almost  300  of 
which  nest  within  the  boundaries  of  the  state  (Fisher,  1984);  61  native 
species  of  amphibians;  and  138  native  species  of  reptiles  (personal 
communication  from  J.  R.  Dixon,  Texas  A&M  University).  Almost  5000 
species  of  vascular  plants  occur  in  the  state  (Correll  and  Johnston,  1970). 

In  this  paper,  we  present  data  on  a  suite  of  15  selected  environmental 
variables  that  are  of  importance  to  the  biota  of  Texas.  These  variables 
may  be  used  by  scientists  in  studies  that  encompass  a  wide  range  of 
biological  problems.  Additionally,  we  present  several  types  of  statistical 
analyses  using  these  data  to  provide  a  summarization  of  major  trends 
among  some  of  the  variables. 

Materials  and  Methods 

Environmental  Variables 

A  system  of  square  quadrats,  39.7  miles  (63.9  kilometers)  on  a  side,  was  drawn  on  a 
mylar  sheet  and  placed  over  a  Lambert’s  conical  projection  map  of  Texas  (Fig.  1)  to 
establish  a  reference  system  from  which  to  record  environmental  data.  Known 
physiographic  and  biotic  features  were  ignored  in  the  grid  placement.  For  each  quadrat, 
15  environmental  variables  were  calculated  as  indicated  in  Table  1.  The  altitude  (ALT)  of 
each  quadrat  was  determined  from  a  1:500,000  U.S.  Geological  Survey  topographic  map 
of  Texas.  Using  a  stratified  random  sampling  technique,  15  random  points  were  placed  in 
each  quadrat,  except  as  noted  below,  and  their  altitude  read  to  the  closest  contour  line. 
The  mean  and  standard  deviation  of  these  15  altitude  readings  were  taken  for  each  quadrat 
and  used  as  an  estimate  of  mean  altitude  and  topographic  heterogeneity,  respectively.  In 
cases  where  quadrats  overlapped  other  states  (Louisiana,  Oklahoma,  Arkansas,  and  New 
Mexico),  maps  of  those  states  were  used.  For  those  quadrats  that  overlapped  Mexico, 
estimates  were  based  on  that  part  of  each  quadrat  in  Texas.  For  those  quadrats  partially 
overlapping  Mexico  and  the  Gulf  of  Mexico,  the  number  of  sample  points  was  reduced  in 
proportion  to  the  area  sampled  in  the  United  States  to  avoid  sampling  bias.  Quadrats 
overlapping  the  Gulf  of  Mexico  were  treated  as  extensions  of  the  part  of  the  quadrat 
occurring  in  Texas. 

Certain  values  for  the  standard  deviation  of  altitude  (STDALT),  quadrats  33  and  34  for 
example,  have  values  of  zero.  This  implies  that  the  terrain  in  these  quadrats  is  perfectly 
level.  This  is,  of  course,  not  true.  The  problem  is  one  of  scale.  On  our  1/500,000 
topographic  map  of  Texas  the  contour  level  is  200  feet.  Altitude  varied  within  quadrats  33 
and  34  both  above  and  below  400  feet,  but  it  neither  reached  a  high  value  of  600  feet  nor 
a  low  value  of  200  feet.  Thus,  all  contour  values  were  the  same  (400  feet)  and  the  computed 
standard  deviation  was  zero.  For  a  study  involving  all  or  much  of  an  area  the  size  of  Texas, 
we  do  not  consider  this  to  be  a  serious  error. 

Whenever  possible,  climatic  variables  were  recorded  from  climatic  summary  sheets 
produced  by  the  U.S.  Department  of  Commerce.  For  those  quadrats  lacking  such 
information,  the  basic  data  were  taken  from  monthly  climatic  summarizations  published  by 
the  U.S.  Department  of  Commerce  for  Texas,  and  the  variables  were  calculated.  There  were 
weather  stations  in  all  but  six  quadrats  (numbers  64,  121,  135,  138,  151,  and  172).  In  these 
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Figure  1.  Map  of  Texas  with  superimposed  quadrate  system.  Dots  indicate  locations  of 
meterological  stations  from  which  climatic  data  were  obtained.  In  some  cases,  climatic 
data  had  to  be  based  on  a  station  located  outside  of  a  quadrat.  These  stations  and  the 
quadrats  to  which  their  data  were  referred  are  indicated  by  arrows. 

cases,  data  were  available  from  adjacent  quadrats  and  these  were  averaged  to  give  the 
needed  value.  A  list  of  weather  stations  from  which  climatic  data  were  recorded  is  given 
in  Appendix  I . 

Time  periods  for  which  climatic  data  were  available  varied  among  quadrats. 
Contemporaneous  data  would  have  been  preferable  as  a  standard  for  comparison.  However, 
since  most  variables  were  based  on  10  or  more  years  of  data,  climatic  fluctuations  due  to 
unusual  conditions  in  particular  quadrats  for  particular  years  should  be  minor. 
Additionally,  the  averaging  process  should  afford  extra  protection  against  the  effect  of 
unusual  but  temporary  climatic  conditions  for  those  variables  that  are  averages.  It  should 
be  noted  that  variation  in  the  period  of  record  makes  variables  6  and  7  (maximum  and 
minimum  temperatures,  respectively)  particularly  unstable.  This  is  because  increases  in  the 
period  of  record  are  related  to  the  occurrence  of  more  extreme  highs  or  lows.  It  is 
suggested,  however,  that  in  practice  these  variables  may  be  satisfactory  estimates  of  extreme 
temperature  conditions. 

An  index  of  above-ground  net  primary  productivity  (PROD)  was  calculated  for  each 
quadrat  using  climatic  data  to  estimate  actual  evapotranspiration  according  to  the  technique 
of  Thornwaite  and  Mather  (1957).  These  values  then  were  substituted  in  the  prediction 
equation  of  Rosenzweig  (1968). 
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Table  1.  -Environmental  variables  and  their  definition. 


1.  PROD . Net  above-ground  primary  productivity  in  g/m2/yr  (primary 

productivity  index) 

2.  ALT . Mean  of  15  randomly  chosen  points  in  each  quadrat  (altitude) 

3.  STD  ALT . Standard  deviation  of  15  randomly  chosen  points  per  quadrat 

(environmental  heterogeneity  index) 

4.  HOTD . Mean  number  of  days  per  year  with  average  temperature  > 

90°  F  (hot  days) 

5.  COLDD . Mean  number  of  days  per  year  with  average  temperature  < 

32°  F  (cold  days) 

6.  MAXT . Maximum  temperature  recorded  in  period  of  record  (maxi¬ 

mum  temperature) 

7.  MINT . Minimum  temperature  recorded  in  period  of  record  (min¬ 

imum  temperature) 

8.  HOTM . Mean  July  temperature  (hottest  month) 

9.  STDH . Standard  deviation  of  mean  July  temperatures 

10.  COLDM . Mean  January  temperature  (coldest  month) 

1 1 .  STDC . Standard  deviation  of  mean  January  temperatures 

12.  MAT . Mean  of  average  monthly  temperatures  (mean  annual  temper¬ 

ature) 

13.  MATR . Mean  of  July  temperatures  minus  mean  of  January  tempera¬ 

tures  (mean  annual  temperature  range) 

14.  PREC . Sum  of  mean  monthly  precipitation  totals  (mean  annual  pre¬ 

cipitation) 

15.  MI  VP . Mean  value  of  absolute  differences  between  average  precipita¬ 

tion  totals  of  consecutive  months  (mean  intermonthly  variabil¬ 
ity  of  precipitation) 


Data  Analysis 

The  null  hypothesis  that  each  of  the  15  environmental  variables  is  normally  distributed 
was  tested  using  the  Kolmogorov-Smirnov  One-Sample  Test.  This  conservative  procedure 
tests  the  goodness-of-fit  of  the  data  to  a  normal  distribution  with  the  parameters  estimated 
from  the  data.  If  the  data  fit  a  normal  distribution,  then  the  true  probability  of  rejecting 
normality  is  really  less  than  the  tabulated  value  of  alpha  when  the  parameters  are  estimated. 

Correlation  coefficients  and  the  probability  that  they  differ  from  zero  were  calculated  for 
pairwise  comparisons  between  the  15  environmental  variables  using  the  Spearman 
coefficient  of  rank  correlation  (Table  3).  The  values  of  the  Spearman  rank  correlation 
coefficient  vary  from  —1  (complete  discordance)  to  +1  (complete  concordance).  This 
statistic  measures  the  correlation  between  the  ranks  of  the  data  and  is  not  necessarily  an 
indication  of  linear  correlation. 

General  statewide  trends  for  four  climatic  variables  (MAT,  COLDM,  HOTM,  and  MAP) 
were  examined  by  the  ordination  procedure  of  principal  components  analysis  (PCA).  PCA 
is  a  statistical  procedure  that  can  be  used  as  a  tool  to  interpret  major  trends  of  the  data 
as  linear  combinations  of  the  original  variables.  The  first  principal  component  is  that  linear 
combination  of  the  original  variables  that  minimizes  residual  variation  in  the  data.  The 
second  principal  component  maximally  explains  the  remaining  variation  subject  to  the 
constraint  that  it  is  uncorrelated  with  the  first  component.  Successive  principal  components 
are  extracted  with  each  orthogonal  to  the  others.  A  substantial  proportion  of  the  data 
variation  often  can  be  explained  in  terms  of  the  first  few  components.  The  reduced 
dimensionality  of  these  components  forms  a  parsimonious  reference  space  in  which  to 
embed  the  data  and  may  yield  valuable  and  previously  unrecognized  insights  into  data 
structure. 
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Results  and  Discussion 

Environmental  data  for  each  of  the  quadrats  are  presented  in  Table  2. 
Interpretation  of  the  biological  meaning  of  these  variables  will,  no  doubt, 
vary  with  the  purpose  of  the  user.  The  discussion  that  follows  reflects 
Owen’s  (1985)  interpretation  of  these  variables  in  a  study  of  species 
distributions  and  diversity  patterns  of  the  mammalian  fauna  of  Texas. 
His  analysis  utilized  combinations  of  the  environmental  data  as 
independent  variables  in  a  series  of  regression  models  to  test  the  relative 
importance  of  competition-based  equilibria  and  noncompetitive 
nonequilibria  processes  in  the  evolution  of  mammalian  species  diversity 
in  Texas. 

The  primary  productivity  index  (PROD)  incorporates  two  important 
requisites  for  photosynthesis,  water  and  solar  radiation  energy 
(Rosenzweig,  1968).  It  may  be  interpreted  as  a  measure  of  potential 
organic  synthesis  by  plants  and  as  an  indicator  of  energy  potentially 
available  to  consumers  and  decomposers.  This  index  represents  average 
conditions  across  seasons  and  years. 

The  standard  deviation  of  altitude  (STDALT)  measures  the  degree  to 
which  a  quadrat  is  characterized  by  variation  in  topographic  relief. 
Higher  values  of  this  variable  are  expected  to  be  associated  with  greater 
contrasts  in  abiotic  factors  such  as  temperature,  precipitation,  landforms, 
and  surface  water  runoff.  Such  abiotic  variation  is  generally  associated 
with  greater  diversity  in  vegetation.  Consequently,  standard  deviation  of 
altitude  is  interpreted  as  an  index  of  environmental  heterogeneity  and,  in 
particular,  vegetative  diversity.  It  is  difficult  to  put  a  meaningful 
biological  interpretation  on  altitude  (ALT)  per  se.  Altitude  is  positively 
correlated  with  its  standard  deviation  (rs  =  0.80,  n  =  189,  P  <  0.0001). 
Thus,  to  some  extent  it  may  act  as  a  statistical  proxy  for  the 
environmental  heterogeneity  index.  Altitude  could  also  be  related  to  some 
other  important  environmental  variable  not  identified  in  this  study. 

Six  of  the  climatic  variables  (HOTM,  COLDM,  MAT,  MAP,  HOTD, 
and  COLDD)  may  be  interpreted  as  abiotic  measurements  that  can  be 
arranged  into  a  biologically  meaningful  rigor-favorableness  dimension. 
Environmental  favorableness  and  its  opposite,  environmental  rigor,  form 
a  continuum  of  conditions  ranging  from  mild  and  innocuous  to  extreme 
and  deleterious.  Furthermore,  organisms  vary  considerably  in  their  ability 
to  cope  with  stress  factors.  Although  other  interpretations  are  plausible, 
the  number  of  hot  days  (HOTD)  and  cold  days  (COLDD)  as  well  as 
mean  January  (COLDM)  and  July  (HOTM)  temperatures  can  be 
construed  as  measurements  of  rigor,  whereas  mean  annual  temperature 
(MAT)  and  precipitation  (MAP)  are  regarded  as  measurements  of 
favorableness.  Because  the  effects  of  these  variables  change  from  one 
species  to  another,  according  to  the  body  size  and  physiological 
tolerances  of  each,  all  may  be  subsumed  under  the  general  term 


Table  2. — Values  for  15  environmental  variables  arranged  by  the  quadrat  system  of  Figure  2. 


104 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  38,  NO.  2,  1986 


Cl 

t"- 

of 

r-~ 

of 

co 

ON 

of 

(N 

<n 

ON 

in 

<n 

oo 

"3- 

o 

NO 

>n 

O' 

CN 

O 

Of 

00 

of 

O 

ON 

m 

m 

of 

r- 

>n 

Of 

in 

NO 

>n 

oo 

m 

m 

NO 

q 

>n 

Of 

q 

NO 

— 

of 

Of 

in 

Of 

NO 

OO 

r- 

d 

© 

© 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

“ 

o 

d 

o 

d 

o 

d 

d 

>n 

in 

O' 

ON 

r-~ 

in 

o 

NO 

r- 

oo 

o 

o 

NO 

of 

t"- 

in 

CN 

NO 

CO 

CN 

CN 

in 

CN 

ON 

«n 

CN 

ON 

r- 

<N 

m 

o 

CN 

*n 

q 

r- 

>n 

q 

OO 

of 

co 

r~~ 

CN 

o 

co 

CN 

no 

NO 

d 

d 

*_h 

in 

OO 

d 

d 

d 

d 

o 

o 

in 

d 

o 

o^ 

d 

in 

d 

d 

00 

d 

d 

d 

d 

CN 

CN 

CN 

<N 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

(N 

CN 

CN 

CN 

CN 

co 

CN 

CN 

o 

m 

O' 

CN 

O 

>n 

m 

CN 

„ 

cn 

CN 

q 

_ 

r- 

q 

Of 

q 

of 

q 

__ 

q 

q 

q 

q 

, 

< 

d 

of 

NO 

d 

«n 

d 

— 

d 

d 

ON 

d 

d 

in 

d 

d 

d 

d 

d 

NO 

d 

d 

d 

of 

of 

Of 

m 

or 

of 

of 

Of 

Tf 

<n 

^r 

^r 

'd- 

■'t 

of 

of 

Of 

Of 

of 

Of 

of 

of 

of 

Of 

H 

NO 

nO 

r-- 

ON 

oo 

ON 

of 

in 

o 

m 

O' 

q 

q 

q 

>n 

q 

oo 

CN 

CN 

of 

q 

cn 

, 

q 

q 

q 

q 

_ 

< 

i/S 

d 

NO 

of 

NO 

NO 

NO 

ON 

oo 

in 

oo 

d 

ON 

d 

NO 

NO 

d 

d 

d 

d 

o< 

o^ 

d 

d 

Of 

of 

2 

*n 

>n 

in 

in 

>n 

>n 

in 

in 

in 

in 

in 

in 

>n 

m 

NO 

>n 

m 

>n 

NO 

NO 

NO 

>n 

m 

m 

NO 

NO 

NO 

NO 

u 

Q 

m 

NO 

r- 

o 

oo 

<n 

CN 

r- 

rf 

o 

q 

oo 

ip 

q 

q 

in 

o 

oo 

<n 

q 

Of 

r- 

q 

q 

H 

on 

of 

d 

d 

>n 

d 

of 

d 

d 

d 

d 

d 

d 

in 

d 

d 

d 

d 

wo 

d 

d 

d 

d 

d 

in 

d 

Of 

d 

2 

Q 

of 

oo 

co 

CN 

ON 

o 

o 

o 

>n 

<n 

<n 

CN 

NO 

oo 

oo 

q 

q 

CO 

CN 

CN 

_ 

O' 

co 

q 

oo 

q 

q 

Of 

d 

d 

on 

d 

in 

d 

O'’ 

d 

d 

d 

ON 

NO 

00 

d 

d 

NO 

d 

d 

d 

oo 

d 

d 

oo 

o 

d 

o 

co 

co 

co 

CN 

co 

co 

co 

<n 

m 

cn 

m 

<n 

cn 

CO 

CO 

CO 

co 

co 

CO 

Of 

cn 

cn 

CO 

co 

of 

Of 

of 

of 

u 

X 

a 

CN 

co 

r-~ 

OO 

CN 

NO 

, 

NO 

t"- 

CN 

o 

o 

CN 

r- 

q 

co 

CN 

o 

of 

OO 

oo 

o 

o 

q 

«n 

of 

q 

d 

d 

d 

CN 

d 

d 

CN 

<N 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

CO 

s 

r  | 

o 

<N 

of 

q 

CN 

O 

o 

m 

m 

<q 

q 

oo 

oo 

ON 

CN 

co 

q 

q 

q 

q 

q 

o 

q 

m 

CN 

q 

o 

d 

oo 

ON 

ON 

ON 

NO 

OO 

o 

o^ 

d 

d 

oo 

oo 

d 

NO 

d 

oo 

d 

d 

d 

oo 

ON 

d 

d 

of 

NO 

of 

X 

r*~ 

r-- 

t"- 

r-~ 

r- 

r- 

r-~ 

OO 

OO 

r- 

oo 

oo 

r- 

f" 

r- 

oo 

oo 

00 

r-- 

r-' 

OO 

oo 

oo 

oo 

oo 

H 

z 

CN 

1 

ON 

-22 

CN 

CN 

CN 

oo 

CnI 

»n 

NO 

i 

NO 

^3- 

tj- 

oo 

1 

Tt 

1 

o 

00 

1 

ON 

r~ 

i 

i 

CN 

CN 

1 

Of 

ON 

i 

of 

1 

of 

1 

r- 

I 

in 

1 

i 

1 

T 

T 

T 

T 

T 

T 

1 

1 

T 

T 

1 

1 

T 

1 

1 

1 

1 

1 

T 

l 

1 

1 

1 

1 

X 

r- 

OO 

ON 

o 

m 

ON 

r- 

o 

ON 

OO 

r-" 

oo 

o 

NO 

Of 

Of 

r- 

ON 

O 

O 

o 

ON 

CN 

ON 

t-' 

< 

o 

o 

o 

— 

— 1 

o 

o 

o 

— 1 

o 

o 

o 

o 

o 

o 

O 

— 

— 

— 

— 

— 

o 

— 

— 

— 

— 

2 

Q 

Q 

no 

ON 

co 

o 

© 

On 

oo 

r- 

oo 

CN 

oo 

ON 

NO 

o 

o 

«— 

Of 

o 

o 

CN 

of 

oo 

O 

NO 

OO 

oo 

J 

CO 

co 

CN 

of 

CN 

CN 

m 

ON 

CN 

ON 

<n 

o 

o 

ON 

CN 

CN 

CN 

O' 

o 

OO 

co 

o 

o 

OO 

r"- 

NO 

NO 

O 

u 

p 

m 

CN 

r~ 

m 

o 

co 

or 

TT 

«n 

Tf 

CO 

Of 

in 

CN 

ON 

in 

Of 

r- 

NO 

t-" 

oo 

Of 

o 

I 

nO 

l"- 

oo 

r- 

r- 

NO 

r-~ 

oo 

oo 

t"- 

NO 

r- 

NO 

ON 

O' 

NO 

NO 

3 

o 

o 

oo 

oo 

00 

ON 

- 

q 

r- 

OO 

O' 

co 

o 

o 

O 

CN 

CN 

o 

O' 

O' 

OO 

CN 

r- 

in 

CO 

CN 

CO 

CN 

o 

o 

ON 

of 

of 

NO 

ON 

NO 

NO 

NO 

OO 

Nj- 

CN 

o 

ON 

CN 

co 

of 

o 

o 

On 

o 

r-~ 

of 

O' 

t" 

CN 

— 

— 

— 

CN 

— 

— 

(N 

— 

— 

CN 

CN 

— 

— 

of 

CN 

— 

— 

— 

— 

CN 

— 

CO 

co 

r- 

t"- 

co 

O 

co 

r- 

o 

o 

o 

m 

CO 

r- 

o 

r- 

O 

O 

r~~ 

o 

r- 

CO 

co 

r- 

CO 

t"- 

r- 

m 

o 

o 

oo 

co 

CN 

oo 

CN 

NO 

oo 

CN 

O' 

00 

o 

o 

NO 

CN 

NO 

CN 

o 

m 

r- 

o 

oc 

CN 

CN 

t"- 

t-> 

co 

O' 

of 

OO 

o 

r-~ 

CN 

NO 

ON 

o 

r" 

ON 

— 

NO 

cn 

O' 

of 

— H 

CO 

NO 

— 

o 

or 

co 

co 

CN 

CN 

co 

co 

m 

CN 

CN 

■'3- 

<n 

cn 

CN 

or 

CO 

CN 

CN 

co 

CO 

co 

CN 

Q 

NO 

co 

ON 

O 

ON 

oo 

OO 

o 

m 

m 

NO 

r~- 

of 

Of 

CO 

of 

NO 

ON 

r- 

O 

ON 

m 

CN 

O 

oo 

ON 

NO 

r- 

co 

O') 

o 

<n 

oo 

ON 

NO 

co 

m 

of 

CN 

r- 

CN 

cn 

of 

co 

O' 

O' 

o 

co 

o' 

Du 

Of 

of 

oo 

m 

r-- 

of 

NO 

r- 

oo 

oo 

m 

NO 

NO 

r- 

of 

m 

r- 

NO 

O' 

O 

in 

wo 

NO 

NO 

r- 

o 

— 

Q 

< 

_ 

CN 

co 

of 

m 

NO 

oo 

ON 

o 

CN 

r~) 

in 

NO 

r- 

00 

ON 

o 

— 

CN 

co 

of 

in 

nO 

r- 

OO 

X 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

O' 

QUAD  PROD  ALT  STDALT  HOTD  COLDD  MAXT  MINT  HOTM  STDH  COLDM  STDC  MAT  MATR  MAP  MIVP 


ENVIRONMENTAL  VARIABLES  IN  TEXAS 


105 


o 

OO 

oo 

© 

oo 

nr 

CM 

r- 

© 

r- 

r- 

r- 

m 

CM 

© 

as 

© 

CM 

OV 

oo 

CM 

© 

vt 

oo 

nT 

cn 

© 

r- 

vO 

c-~ 

>n 

"it 

it 

vO 

VO 

m 

vO 

i"- 

sC 

CM 

r- 

00 

© 

CM 

vf 

in 

© 

>n 

r- 

vq 

© 

r- 

as 

© 

r- 

o' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

©' 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

CM 

nt 

cm 

on 

nt 

r- 

r-~ 

on 

nT 

(M 

m 

cn 

as 

© 

OO 

it 

in 

in 

© 

© 

in 

nf 

>n 

nr 

© 

CM 

00 

oo 

on 

© 

sC 

© 

t-~ 

CM 

© 

© 

— 

— 

oo 

oo 

m 

© 

™ 

vq 

Ov 

CM 

m 

sC 

CM 

as 

© 

on 

© 

in 

© 

on 

vO 

m 

in 

© 

in 

vO 

CM 

CM 

nr 

in 

d 

Ov 

sC 

d 

d 

>n 

od 

d 

© 

— 

ov 

in 

vd 

in 

CM 

od 

CM 

on 

m 

m 

it 

nr 

m 

CM 

CM 

CM 

CM 

CM 

CM 

m 

cn 

•^t 

't 

M" 

CM 

CM 

CM 

CM 

cn 

cn 

cn 

nT 

i—. 

r- 

r- 

00 

vO 

as 

oo 

>n 

on 

r- 

m 

,  , 

OO 

cn 

CM 

r- 

sC 

CM 

© 

00 

CM 

OO 

M" 

oo 

m 

r- 

CM 

in 

© 

cn 

d 

© 

© 

© 

d 

Ov' 

CM 

d 

CM 

as 

Ov' 

oo 

© 

d 

Ov' 

oo" 

© 

o< 

© 

Ov 

© 

CM 

© 

© 

nT 

nr 

nr 

nr 

on 

nt 

on 

nr 

it 

nr 

nt 

vf 

nt 

vt- 

Tf 

m 

cn 

m 

m 

m 

cn 

on 

rr 

m 

^t 

cn 

nr 

nr 

nr 

nr 

nr 

r- 

sC 

on 

t"- 

r- 

Ov 

m 

in 

Ov 

oo 

on 

>n 

OO 

rn 

cn 

vq 

•^t 

^t 

■^t 

in 

00 

© 

nf 

© 

Ov 

OV 

nr 

d 

d 

d 

cn 

d 

CM 

ov 

Ov 

d 

d 

d 

vt 

d 

>n 

cn 

d 

d 

_ 

„ 

d 

CM 

© 

d 

in 

d 

d 

d 

in 

© 

vO 

vO 

sC 

vO 

VO 

in 

m 

© 

sC 

vO 

sc 

SC 

sC 

vO 

sC 

sC 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

o 

nT 

as 

on 

OO 

on 

Ov 

m 

nT 

r- 

CM 

cn 

>n 

CM 

CM 

in 

Ov 

oo 

r- 

CM 

r-~ 

vq 

on 

vO 

nr 

cn 

cn 

d 

d 

d 

nr 

on 

in 

d 

d 

d 

d 

d 

d 

d 

vt 

in 

«n 

vf 

d 

CM 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

Ol 

Ov 

CM 

© 

vO 

Ov 

r- 

as 

VO 

CM 

CM 

Ov 

oo 

in 

CM 

vq 

© 

© 

00 

in 

in 

r- 

00 

1 

d 

CM 

cm 

mi 

© 

00 

oo 

00 

r- 

CM 

d 

CM 

d 

n* 

d 

rn 

d 

in 

CM 

cm’ 

CM 

in 

d 

in 

d 

CM 

d 

d 

Tf 

nr 

nt 

nt 

vf 

nt 

on 

on 

on 

cn 

nt 

nT 

nt 

■rf 

vt 

■^t 

vf 

M- 

M" 

't- 

-3- 

M" 

vt 

-rf 

m- 

nr 

nT 

nr 

nr 

v D 

m 

cm 

m 

Ov 

CM 

it 

vO 

f- 

vq 

vq 

vq 

m 

© 

00 

m 

© 

CM 

r- 

r- 

oo 

>n 

CM 

CM 

d 

CM 

<N 

CM 

CM 

d 

d 

CM 

cm' 

CM* 

cm' 

CM 

cm' 

CM 

cm’ 

cm’ 

cm' 

” 

d 

cm’ 

d 

CM 

CM 

CM 

CM 

d 

CM 

O 

vO 

Ov 

Ov 

sC 

>n 

vq 

© 

vq 

on 

© 

r- 

m 

r- 

r- 

Ov 

Tt 

Tf 

in 

oo 

m 

in 

© 

vd 

d 

CM 

CM 

CM 

cm 

oo 

Ov 

CM 

d 

in 

d 

•d 

d 

d 

CM 

CM 

_■ 

O^ 

© 

_ 

CM 

d 

d 

in 

d 

in 

d 

in 

oo 

OO 

OO 

OO 

OO 

oo 

r- 

r~- 

oo 

OO 

oo 

oo 

oo 

oo 

OO 

00 

oo 

oo 

00 

r- 

oo 

OO 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

in 

1 

CM 

1 

CM 

T 

m 

1 

oo 

CM 

T 

oo 

1 

on 

on 

T 

as 

1 

>n 

1 

T 

vO 

>n 

1 

T 

CM 

T 

rt 

as 

1 

CM 

T 

in 

© 

1 

nt 

oo 

1 

© 

- 

nT 

cn 

1 

© 

© 

<N 

as 

ON 

m 

oo 

ov 

© 

cn 

as 

in 

OO 

oo 

oo 

cn 

oo 

m 

00 

© 

CM 

cn 

© 

© 

© 

© 

© 

OO 

on 

on 

© 

CM 

cn 

oo 

nt 

on 

>n 

r- 

CM 

© 

in 

cn 

r- 

© 

r- 

© 

m 

© 

m- 

Ov 

OV 

cn 

CM 

VO 

t- 

in 

VO 

© 

vO 

© 

© 

00 

oo 

sC 

© 

vO 

vO 

in 

*n 

© 

© 

in 

as 

Ov 

«n 

00 

in 

r-~ 

© 

in 

It 

n 

in 

CM 

o 

© 

© 

vf 

VO 

CM 

>n 

CM 

© 

OO 

m 

in 

oo 

Vt 

in 

in 

't 

© 

00 

© 

nf 

© 

nr 

© 

CM 

~ 

Ov 

oo 

OO 

OO 

OO 

00 

Ov 

OV 

© 

Ov 

© 

oo 

Ov 

r- 

© 

as 

CM 

CM 

© 

ov 

© 

cn 

CM 

on 

© 

© 

oo 

00 

Ov 

Ov 

© 

m 

CM 

cn 

CM 

oo 

© 

© 

© 

© 

in 

r- 

Ov 

CM 

© 

00 

as 

© 

© 

CM 

CM 

nt 

© 

vO 

m 

Ov 

m 

© 

m 

© 

r- 

it 

© 

>n 

© 

on 

© 

as 

t" 

o 

on 

© 

r- 

© 

© 

r- 

r- 

r- 

r- 

on 

© 

r-~- 

© 

m 

m 

m 

r~~ 

m 

m 

cn 

© 

© 

r- 

r- 

m 

r-~ 

© 

cn 

r- 

vO 

in 

CM 

© 

o 

o 

© 

CM 

CM 

vO 

m 

nr 

vf 

© 

Ov 

cn 

CM 

r- 

>n 

in 

CM 

© 

oo 

© 

in 

oo 

oo 

in 

CM 

Ov 

OO 

r- 

m 

nt 

nr 

e'¬ 

CM 

oo 

© 

© 

vt 

© 

© 

© 

>n 

M" 

m 

© 

»n 

CM 

r- 

M- 

CM 

Ov 

© 

nr 

nr 

en 

m 

CM 

CM 

" 

cn 

m 

CM 

CM 

t-~ 

in 

nr 

© 

on 

oo 

CM 

CM 

Ov 

nt 

r- 

r-" 

Ov 

CM 

r- 

© 

© 

on 

on 

© 

in 

in 

00 

it 

CM 

oo 

CM 

© 

m 

r- 

nt 

© 

CM 

OC 

CM 

sC 

in 

© 

m 

© 

in 

in 

vt 

CM 

© 

nr 

oo 

cn 

CM 

© 

on 

sC 

oo 

as 

Ov 

as 

nr 

nf 

OO 

00 

Ov 

Ov 

Ov 

CM 

oo 

C" 

Ov 

Ov 

oo 

■^r 

in 

r-~ 

© 

© 

© 

© 

nT 

nT 

© 

CM 

CM 

CM 

as 

© 

cm 

on 

nt 

in 

VO 

I"' 

oo 

Ov 

© 

CM 

cn 

vt 

>n 

© 

oo 

as 

© 

<N 

on 

•^t 

in 

SO 

t-~ 

OO 

CM 

on 

m 

on 

on 

m 

m 

on 

on 

on 

on 

it 

^t 

vf 

^t 

vt 

vt 

^t 

>n 

>n 

>n 

in 

in 

m 

in 

< 

H 


QUAD  PROD  ALT  STDALT  HOTD  COLDD  MAXT  MINT  HOTM  STDH  COLDM  STDC  MAT  MATR  MAP  MIVP 


106 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  38,  NO.  2,  1986 


It 

O 

rsi 

Os 

>n 

sO 

re 

so 

Tt 

re 

00 

t-» 

Os 

© 

sO 

re 

re 

oo 

re 

© 

oo 

re 

© 

os 

m 

rg 

os 

m 

re 

(N 

re 

Tt 

in 

so 

re 

Tt 

Tt 

in 

sO 

oo 

>n 

r- 

© 

in 

oo 

r- 

as 

Tt 

Tt 

re 

rg 

re 

oo 

© 

o 

d 

d 

o 

d 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

rg 

Tt 

so 

OO 

rg 

OO 

re 

rg 

© 

Os 

sO 

Tt 

Tt 

Os 

sO 

Ti¬ 

so 

© 

rg 

r- 

m 

rg 

re 

as 

as 

r- 

o 

Os 

o 

>n 

er 

OO 

>n 

r- 

oo 

>n 

© 

Os 

© 

sO 

as 

re 

Tt 

oo 

r- 

re 

r- 

in 

oo 

© 

in 

Tt 

re 

in 

sd 

oo 

o 

__ 

re 

re 

sO 

re 

in 

Os' 

re 

Tt 

© 

© 

>n 

sd 

© 

oo 

_ 

os' 

© 

od 

od 

Os 

sd 

Tt 

Tt 

Tt 

rg 

rg 

re 

re 

re 

re 

Tf 

re 

Tt 

in 

<N 

, 

, 

re 

, 

>n 

as 

© 

© 

oo 

re 

f" 

r- 

Tt 

in 

Tt 

as 

in 

r- 

re 

Tt 

Tt 

© 

rg 

© 

Tt 

oo 

as 

oo 

d 

Os 

Os 

Os' 

Os 

od 

r-‘ 

oo' 

OO 

as 

od 

os 

r^ 

Ti¬ 

sd 

re 

r^‘ 

sd 

Os’ 

od 

r-‘ 

!"■' 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

Tt 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

re 

Tt 

re 

re 

so 

oo 

r- 

ir> 

_ 

SO 

© 

as 

re 

00 

in 

r- 

Tt 

rg 

re 

os 

Os 

© 

in 

re 

r- 

© 

rg 

© 

oo 

Tt 

>n 

Tt 

rsi 

o 

rsi 

re 

re 

re 

Tt 

»n 

Tt 

Tt 

Tt 

sd 

sd 

sd 

sd 

in 

in 

re 

© 

Tt 

in 

Tt 

in 

sD 

sO 

so 

so 

so 

sO 

so 

SO 

sO 

sO 

so 

SO 

sO 

© 

sO 

so 

SO 

so 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

<N 

SO 

O 

rsi 

OO 

O 

OS 

© 

Os 

r-~ 

© 

00 

r- 

re 

rg 

eg 

OO 

re 

© 

rg 

oo 

© 

re 

os 

© 

Tt 

© 

re 

Tt 

in 

Tt 

rsi 

rg 

re 

rg' 

re 

re' 

Tt 

Tt 

re 

Tt 

Tt 

■Ti¬ 

Tt 

re 

Tl- 

rg 

Tt 

>n 

rg' 

rg’ 

re 

re 

re 

re 

re 

rg 

<N 

Os 

so 

in 

so 

oo 

rg 

rg 

re 

sO 

rg 

Tt 

re 

© 

Os 

© 

© 

m 

© 

rg 

m 

re 

Tt 

r- 

as 

re 

Tt 

s6 

Tt 

rsi 

_ 

rg 

rg 

Tt 

Tt 

in 

Tt 

rg 

m' 

sd 

sd 

od 

r-' 

od 

Tt 

re 

in 

re 

Tt 

in 

Tt 

Tt 

Tt 

Tt 

Tt 

tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

-t 

Tt 

Tf 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

Tt 

so 

© 

Tt 

re 

og 

re 

r- 

r- 

Os 

t- 

Tt 

so 

as 

>n 

in 

© 

OO 

Tt 

re 

as 

>n 

© 

_ 

~ 

<N 

<N 

<N 

eg 

rg 

rg 

rsi 

re 

“ 

rg 

rg 

re 

rg 

rg 

rg 

" 

rg 

rg' 

rg 

ri 

rg' 

re 

Tt 

OO 

re 

<N 

t" 

q 

in 

oo 

rg 

© 

so 

re 

Os 

<n 

>n 

oo 

Tl- 

oo 

r- 

m 

rg 

re 

© 

Os 

Os 

© 

r- 

re 

re 

re 

Csi 

rg’ 

o 

n 

© 

rg' 

rg 

Tt 

re 

re 

re 

Tt 

>n 

Tt 

rg' 

re 

rg' 

Os 

oo 

© 

re 

Tt 

rsi 

re' 

oo 

00 

oo 

oo 

00 

oo 

oo 

oo 

00 

oo 

oo 

oo 

oo 

00 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

r- 

r- 

00 

oo 

oo 

oo 

oo 

m 

<N 

- 

in 

1 

eg 

Tt 

1 

rg 

1 

© 

- 

oo 

1 

1 

r- 

1 

as 

1 

re 

- 

T 

- 

m 

1 

© 

1 

© 

as 

»n 

© 

1 

re 

T 

Tt 

T 

Os 

1 

Os 

1 

Tt 

00 

© 

so 

© 

as 

© 

© 

as 

as 

Os 

© 

© 

as 

© 

re 

Tt 

© 

© 

© 

© 

rg 

oo 

rg 

oo 

as 

O 

o 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

<N 

oo 

re 

re 

>n 

r- 

© 

Os 

Tt 

OO 

m 

© 

m 

© 

re 

© 

re 

in 

rg 

rg 

oo 

© 

m 

© 

Tt 

© 

m 

Tt 

Tt 

oo 

Os 

oo 

00 

oo 

sO 

sO 

in 

sO 

m 

>n 

in 

•n 

Tf 

Tt 

Tt 

re 

<n 

© 

oo 

oo 

oo 

© 

© 

Tt 

Os 

re 

Os 

00 

oo 

© 

rg 

r- 

Tt 

© 

•n 

t 

rg 

*n 

© 

Os 

as 

Tt 

© 

re 

r- 

m 

© 

Tt 

oo 

as 

as 

oo 

o 

Os 

OS 

© 

rg 

Os 

as 

rg 

o 

© 

Os 

= 

© 

© 

Os 

r- 

Os 

© 

© 

Os 

rg 

Tt 

rg 

rg 

© 

re 

o 

re 

SO 

re 

as 

© 

r- 

oo 

«n 

re 

rg 

rg 

re 

Os 

rg 

rg 

rg 

rg 

rg 

© 

© 

© 

in 

rg 

r- 

Os 

Os 

oo 

f" 

Tt 

OO 

Os 

OS 

© 

© 

rg 

Tt 

rg 

as 

© 

er 

© 

as 

<n 

m 

as 

00 

© 

SO 

re 

rg 

Tt 

rsi 

rg 

rg 

rg 

rg 

Tt 

Tt 

Tt 

rg 

o 

o 

r- 

r- 

o 

i-~ 

re 

r- 

© 

re 

re 

re 

re 

r- 

re 

r- 

re 

re 

re 

r-~ 

© 

© 

r- 

r- 

r- 

© 

r- 

o 

sO 

(N 

rsi 

r- 

oo 

so 

© 

as 

re 

re 

r- 

oo 

rg 

Tt 

m 

Tt 

© 

t< 

© 

rg 

© 

00 

Tt 

oo 

Tt 

re 

<N 

re 

oo 

rg 

rg 

rg 

rg 

00 

in 

re 

r-~ 

re 

© 

r- 

Tt 

Tt 

Tt 

re 

rg 

as 

© 

© 

Tt 

OO 

r- 

Tt 

Tt 

in 

re 

re 

re 

rg 

rg 

rg 

rg 

re 

Tt 

Tt 

re 

rg 

rg 

rg 

re 

(N 

<N 

o 

rg 

© 

OS 

st 

m 

oo 

re 

re 

Ti¬ 

>n 

m 

© 

00 

so 

re 

t"- 

Tt 

© 

rg 

rg 

© 

in 

Tt 

«n 

<n 

m 

m 

m 

© 

m 

m 

SO 

Os 

rg 

© 

re 

00 

r- 

00 

as 

Tt 

© 

r- 

oo 

r- 

Os 

o 

o 

rg 

rg 

re 

re 

in 

re 

Tt 

sO 

oo 

Os 

Tt 

re 

oo 

© 

Os 

rg 

rg 

Tt 

(N 

fN 

rg 

rg 

rg 

rg 

as 

O 

eg 

rr 

Tt 

m 

so 

C"- 

00 

Os 

© 

rg 

re 

Tt 

<n 

© 

r- 

00 

as 

© 

rg 

re 

Tt 

m 

© 

t- 

m 

so 

sO 

SO 

SO 

SO 

so 

so 

SO 

so 

SO 

r- 

r- 

r-- 

r- 

r- 

t" 

i-"- 

r- 

OO 

oo 

oo 

oo 

oo 

oo 

oo 

OO 

ENVIRONMENTAL  VARIABLES  IN  TEXAS 


107 


0- 

r~ 

sf 

ON 

o 

NO 

m 

m 

co 

co 

CN 

O' 

oo 

NO 

r- 

sf 

in 

oo 

00 

m 

NO 

NO 

st 

sf 

CN 

OO 

St 

O 

O' 

r- 

NO 

r>- 

r~ 

00 

r- 

r~ 

NO 

NO 

t" 

«n 

o 

m 

CN 

>n 

CN 

CN 

CN 

>n 

q 

C' 

t" 

ON 

OO 

q 

r~ 

O' 

«n 

q 

S 

© 

© 

d 

d 

o 

d 

d 

d 

o 

d 

o 

o 

o 

d 

o 

d 

d 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

CL 

st 

oo 

oo 

o 

CN 

r- 

NO 

St 

NO 

>n 

co 

CO 

CN 

CO 

St 

co 

>n 

O' 

in 

O' 

oo 

NO 

o 

r- 

oo 

in 

CN 

ON 

< 

CO 

NO 

CN 

m 

CN 

st 

o 

*— < 

ON 

co 

O' 

CN 

— 

CN 

t'- 

m 

CN 

q 

— 

— 

CN 

00 

CO 

O' 

sf 

r~ 

, _ 

oo 

CN 

r- 

r~- 

cd 

rd 

d 

cd 

st 

St 

CN 

o 

st 

_ ' 

CN 

CN 

rd 

CN 

CN 

st 

NO 

d 

cd 

cd 

d 

rd 

rd 

CN 

CN 

CN 

<N 

co 

co 

co 

St 

st 

St 

UO 

CN 

CN 

CN 

CN 

CO 

co 

CO 

CO 

st 

st 

Oh 

H 

, 

00 

NO 

oo 

NO 

NO 

t"- 

oo 

f 

>n 

O 

__ 

o 

_ 

CN 

,  , 

q 

q 

o 

CN 

ON 

co 

q 

in 

in 

00 

r~ 

q 

< 

o' 

on' 

ad 

oo 

OO 

NO 

r- 

NO 

>n 

in 

cd 

cd 

in 

NO 

>n 

st 

in 

rd 

rd 

oo 

in 

NO 

oo 

St 

NO 

st 

cd 

CN 

st 

CO 

co 

co 

CO 

co 

co 

co 

m 

co 

co 

f O 

CO 

co 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

co 

co 

CO 

CO 

O' 

m 

o 

•St 

CN 

o 

© 

St 

ON 

O 

oo 

o 

q 

co 

CN 

NO 

q 

o 

m 

q 

CN 

CN 

q 

q 

r~ 

, _ , 

sf 

in 

«n 

in 

oo 

NO 

rd 

NO 

NO 

in 

o 

cd 

_L 

wd 

in 

NO 

>n 

CN 

NO 

st 

NO 

NO 

rd 

OO 

rd 

rd 

nO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

u 

Q 

oo 

— 

co 

in 

NO 

co 

NO 

NO 

OO 

CN 

St 

O' 

CN 

q 

st 

CN 

q 

q 

q 

q 

CN 

q 

oo 

q 

00 

q 

m 

q 

st 

H 

cd 

cd 

•St 

•st 

•st 

st 

rd 

st 

cd 

st 

st 

ro 

CN 

St 

st 

st 

cd 

st 

cd 

cd 

St 

st 

cd 

cd 

st 

st 

st 

in 

cd 

2 

Q 

CO 

oo 

•St 

•st 

OO 

— 

NO 

ON 

st 

— 

CN 

oo 

r^ 

co 

— 

q 

— 

oo 

st 

— 

q 

q 

— 1 

q 

o 

— 

in 

CN 

q 

J 

© 

CO 

in 

in 

cd 

On' 

t- 

NO 

oo 

rd 

d 

rd 

CN 

St 

st 

rd 

rd 

NO 

in 

_ 

rd 

«n 

rd 

rd 

oo 

d 

o 

d 

ON 

o 

Sf 

•St 

st 

•st 

•st 

st 

st 

st 

st 

St 

«n 

St 

St 

St 

St 

St 

st 

st 

St 

St 

st 

st 

st 

St 

st 

in 

in 

m 

St 

u 

3C 

Q 

OO 

oo 

ON 

oo 

oo 

O' 

r- 

OO 

OO 

m 

in 

OO 

m 

t'' 

oo 

O' 

q 

q 

— ; 

t' 

— 

q 

CN 

r- 

oo 

q 

>n 

CN 

<n 

f— 

CN 

CN 

CN 

CN 

CN 

CN 

cn 

S 

H 

O 

st 

NO 

© 

CN 

•st 

q 

co 

q 

oo 

NO 

CN 

ON 

O' 

St 

CO 

CN 

st 

co 

_ 

q 

oo 

St 

oo 

in 

q 

CO 

q 

q 

© 

cd 

•st 

•st 

CN 

in 

in 

rd 

cd 

CN 

cd 

o 

rd 

o 

On' 

CN 

st 

cd 

O^ 

CN 

CN 

in 

CN 

st 

St 

st 

CN 

oo 

00 

OO 

00 

oo 

oo 

oo 

oo 

oo 

OO 

oo 

oo 

r- 

OO 

r- 

OO 

OO 

oo 

oo 

r~ 

OO 

OO 

oo 

OO 

oo 

oo 

oo 

OO 

oo 

3C 

H 

Z 

o 

NO 

O' 

1 

CNl 

1 

NO 

NO 

1 

in 

| 

co 

1 

o 

CN 

1 

oo 

o 

r~ 

1 

ON 

oo 

1 

St 

CN 

1 

r' 

CO 

1 

o 

NO 

1 

m 

CN 

m 

CN 

1 

st 

NO 

§ 

1 

1 

i 

i 

i 

i 

1 

i 

1 

1 

1 

1 

1 

f— 

X 

oo 

ON 

•St 

_ 

r- 

CN 

CN 

o 

, — 

o 

oo 

st 

O' 

CN 

NO 

CN 

_ 

ON 

r' 

__ 

00 

CO 

oo 

CN 

o 

o 

_H 

NO 

< 

o 

o 

o 

— 

— 1 

■ — 

o 

o 

o 

— 

o 

1 

— 

o 

o 

— 

o 

— 

o 

— 

— 

o 

Q 

Q 

NO 

ON 

ON 

>n 

■st 

CN 

>n 

NO 

— 

r~ 

00 

NO 

CO 

NO 

t' 

o 

m 

_ 

co 

_ 

St 

CO 

r' 

NO 

r~ 

O' 

o 

ON 

ON 

oo 

m 

NO 

*n 

st 

st 

co 

co 

St 

st 

co 

st 

o 

NO 

r' 

NO 

NO 

<n 

NO 

r~ 

in 

NO 

st 

St 

co 

CN 

co 

CO 

CO 

O 

S~S 

u 

Q 

i— 

o 

ON 

r~ 

f- 

ON 

*— 

m 

oo 

ON 

i" 

NO 

>n 

oo 

ON 

r' 

HH 

r~ 

CN 

CN 

co 

NO 

— 

sf 

o 

ON 

ON 

in 

HH 

m 

o 

o 

o 

~ 

OO 

CN 

o 

ON 

o 

o 

o 

ON 

oo 

o 

O' 

CO 

CN 

co 

CN 

oo 

CN 

— 

o 

o 

~ 

O 

O' 

I 

H 

-1 

< 

CN 

r- 

(N 

*— < 

oo 

t- 

oo 

ON 

CO 

CO 

CN 

NO 

m 

O' 

oo 

»n 

r- 

CN 

m 

CO 

CN 

O 

CO 

On 

o 

co 

CO 

n— 

Q 

On 

r~ 

m 

ON 

NO 

r- 

O' 

o 

oo 

ON 

f" 

in 

<— I 

O' 

ON 

O' 

NO 

ON 

O 

o 

St 

O 

o 

O 

in 

r- 

r- 

>n 

CN 

f— ' 

cn 

r~ 

t"- 

o 

© 

r- 

co 

co 

r~ 

r* 

t"- 

o 

CO 

NO 

f" 

CO 

CO 

O 

o 

CO 

o 

r~ 

r-' 

o 

r~ 

CO 

o 

O' 

CO 

o 

oo 

oo 

NO 

o 

NO 

O' 

in 

N O 

St 

o 

St 

>n 

OO 

CN 

>n 

r~ 

NO 

oc 

NO 

NO 

oo 

o 

o 

r- 

o 

o 

ON 

oo 

m 

r-- 

NO 

•St 

o 

NO 

St 

CO 

CO 

CNl 

CN 

o 

st 

CN 

r~ 

NO 

NO 

CO 

CN 

r~ 

St 

m 

st 

CO 

CN 

CN 

< 

<N 

On) 

St 

st 

st 

co 

CN 

CN 

CN 

CN 

CN 

Q 

OO 

o 

nO 

in 

St 

»n 

CN 

o 

r~ 

m 

r~ 

O' 

CO 

r^ 

NO 

o 

OO 

O 

in 

o 

o 

in 

r~ 

ON 

st 

OO 

O 

CO 

ON 

co 

co 

CN 

O 

fM 

cn 

in 

m 

r^ 

CN 

CN 

CN 

>n 

o 

CN 

st 

>n 

CO 

NO 

st 

CN 

OO 

st 

CO 

o 

pg 

r- 

in 

oo 

*— 

NO 

st 

ON 

CN 

O' 

CO 

CN 

co 

CN 

co 

co 

>n 

OO 

oo 

ON 

o 

CO 

NO 

>n 

CN 

CL 

(N 

CNl 

CN 

~ 

CN 

CN 

CN 

Q 

< 

oo 

ON 

o 

*— t 

O'! 

co 

st 

>n 

NO 

r«- 

OO 

O' 

o 

— 

CN 

CO 

st 

>n 

NO 

oo 

ON 

o 

CN 

CO 

st 

in 

NO 

a 

oo 

OO 

O' 

ON 

On 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o 

QUAD  PROD  ALT  STD  ALT  HOTD  COLDD  MAXT  MINT  HOTM  STDH  COLDM  STDC  MAT  MATR  MAP  MIVP 


108 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  38,  NO.  2,  1986 


cOWOWO©cOfNofONof'>f-t''.oOOOfNNONO©OONONOONNOOOfNWOCN©otwo 

ooNO'©NC>ofNor''~wooooor''-oooooocowoNor^otfNco'<fwocor-~wor''0't--' 

ooooooooo’ooooo— -oooooooooo’oooo 


of  of  no  t"~ 


NO©O'r'-NOcONONOco©W0ofcoco©NOfN©W0 
O'  t  O  6  ^6  h  ^  t  m  'j'  of  of  WO  fN  O'  ©  WO 

fNcococOcocococococococococorOcOfNcoco 


©jfNwoaNwowowooowoco 
<n  r*i  'd  oo  Tf’  Tt  ri 
cococococococococofo 


O'CfNO'^tnTfh^fN- ■  —  of 


fN  wo  r-  no  co  o 


On  NO  On  ©  co  —  M  h 


O  co  On  OO 
WO  fN  — ’  — 


co  co  co 


fN  no  co 
of  co  co  of 


-M-\OTfoom(Nmoo--noo'}- 


©  —  ©OO  —  r''ONr-'NONOWOfNfN(^fNfNOOWO(^CNNO©t^-NOC''  —  OOfNt'' 


(NMOOvOTt 

— ’  fN  fN  fN  fN  m  m  --  M  — 


(N  f ,  Tf  O  !J>  vO  ri  Tt 


co  —  oomooh'OON'O'th 
fN  fN  — <’  fN  (N  ri  ri  —  fN  —  — ’ 


NO  —  ONWOt^-©wocoONNO©NOWO©fNOO©wOfNfNOOWOND  — ■  fN  NO  NO 
— ‘  CO  of  no  On  ©  of  fN  —  ©  fN  of  wo  of  CO  fN  co’  of  wo  NO  On  fN  WO  fN  ©  ©  © 
oooot^t^t^-oooooooooooooooooooooooooooooor-r^oooooooooooo 


—  N  n  (N  oo  O'  oo 

~  I  I  I 


of  r-'  wo  fN  no 

I  I  I 


'tvOOMX'JvO(NOffiO'/10'vJ(N 


r-TtNO-rj-ONooooooooNON  —  or~-t^-r--NONor^r-ooorooNNnoNt^o 

O  —  OOOO  —  O  —  —  OO  —  —  OOOO  —  —  OO  —  —  oooo  — 


co 

CO 

i /o 

or 

co 

NO 

ON 

r- 

co 

NO 

r-'- 

co 

WO 

NO 

OO 

co 

NO 

co 

CO 

O' 

o 

O 

fN 

CO 

wo 

t" 

CO 

NO 

© 

r-~ 

t-~ 

NO 

Of 

WO 

NO 

NO 

CO 

fN 

m 

fN 

fN 

fN 

fN 

wo 

Of 

OO 

NO 

wo 

wo 

of 

NO 

wo 

or 

fN 

O 

o 

NO 

CO 

co 

OO 

fN 

CO 

of 

of 

m 

O' 

co 

WO 

O' 

NO 

fN 

of 

o 

fN 

OO 

wo 

o 

Of 

00 

NO 

NO 

t-~ 

o 

O' 

CM 

ON 

O 

O 

O 

o 

O 

O 

O' 

00 

O' 

o 

fN 

co 

o 

ON 

© 

O' 

fN 

o 

ON 

CO 

WO 

t"- 

fN 

r- 

WO 

WO 

WO 

O' 

CO 

OO 

CO 

fN 

CO 

CO 

O' 

o 

O' 

CO 

O' 

co 

NO 

ON 

wo 

ON 

r- 

o 

NO 

of 

of 

or 

or 

fN 

OO 

NO 

fN 

ON 

OO 

ON 

o 

OO 

co 

WO 

CO 

ON 

— 

— 

co 

co 

Of 

fN 

NO 

of 

of 

of 

CO 

fN 

o 

OO 

Of 

of 

fN 

co 

CO 

fN 

fN 

fN 

fN 

o 

O' 

co 

CO 

CO 

CO 

o 

t"~ 

r- 

CO 

o 

r- 

CO 

co 

o 

O' 

CO 

o 

o 

CO 

CO 

o 

r- 

CO 

co 

o 

CO 

(■'- 

© 

o 

in 

WO 

ON 

wo 

wo 

fN 

oo 

NO 

r-~ 

o 

o 

co 

co 

of 

OO 

O' 

of 

o 

r-' 

r- 

OO 

wo 

OO 

o 

CO 

© 

© 

fN 

OO 

o 

of 

OO 

OO 

CO 

fN 

ON 

NO 

O' 

wo 

co 

fN 

On 

CO 

On 

OO 

fN 

wo 

00 

© 

O' 

co 

00 

co 

wo 

of 

CO 

fN 

fN 

(N 

fN 

CO 

or 

CO 

fN 

fN 

fN 

of 

NO 

wo 

o 

of 

O' 

O' 

fN 

NO 

t- 

O' 

o 

co 

CO 

OO 

WO 

ON 

t-~ 

OO 

fN 

o 

O 

NO 

r" 

co 

ON 

OO 

(N 

o 

co 

NO 

NO 

NO 

CO 

fN 

OO 

of 

O 

wo 

OO 

fN 

wo 

ON 

r-' 

NO 

co 

r~~ 

o 

or 

(O' 

© 

OO 

wo 

fN 

fN 

of 

wo 

wo 

CO 

of 

NO 

NO 

O 

CO 

WO 

ON 

o 

co 

co 

of 

fN 

CO 

CO 

of 

of 

OO 

OO 

co 

wo 

CM 

fN 

fN 

fN 

fN 

CN 

r-~ 

OO 

O' 

o 

fN 

CO 

or 

WO 

NO 

r- 

OO 

O' 

o 

fN 

CO 

of 

wo 

NO 

r- 

OO 

ON 

o 

fN 

co 

of 

wo 

— 

~ 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

fN 

co 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 

co 

or 

of 

of 

of 

of 

Of 

85.0 


QUAD  PROD  ALT  STDALT  HOTD  COLDD  MAXT  MINT  HOTM  STDH  COLDM  STDC  MAT  MATR  MAP  MIVP 


ENVIRONMENTAL  VARIABLES  IN  TEXAS 


109 


NO 

o 

oo 

or 

oo 

o 

O' 

oo 

o 

in 

O' 

O' 

CO 

r" 

of 

oT 

co 

or 

ON 

oo 

in 

oo 

co 

CM 

in 

oo 

oo 

CM 

O' 

OO 

r-~ 

in 

ON 

r- 

NO 

co 

in 

O' 

NO 

oo 

r" 

ON 

oo 

C' 

NO 

C" 

NO 

O' 

C" 

ON 

oo 

oo 

Nf 

co 

O' 

O' 

q 

o' 

© 

d 

o 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

o 

d 

d 

d 

d 

d 

d 

d 

~ 

o 

o 

“■ 

CM 

CM 

in 

CO 

or 

O' 

r-- 

CO 

oo 

or 

NO 

oo 

NO 

C' 

O' 

CO 

ON 

o 

NO 

in 

oo 

oo 

ON 

NO 

oo 

CO 

NO 

O' 

ON 

or 

O' 

oo 

r- 

CO 

NO 

co 

oo 

oo 

if 

— ; 

On 

CM 

Of 

ON 

CM 

ON 

o 

CM 

o 

q 

in 

Nf 

CM 

q 

__ 

in 

d 

CO 

d 

or 

CM 

d 

NO 

d 

OO 

d 

oo’ 

cd 

d 

CO 

d 

cm’ 

d 

d 

cd 

cd 

d 

od 

d 

d 

d 

d 

m 

CO 

or 

or 

or 

in 

CM 

CM 

CM 

CM 

co 

co 

or 

or 

or 

CM 

CM 

CM 

CM 

co 

co 

CM 

CM 

CM 

CO 

or 

NO 

in 

, 

o 

r- 

O 

OO 

CM 

O 

CM 

ON 

CM 

co 

C' 

q 

o 

in 

NO 

q 

q 

q 

oo 

CM 

co 

O' 

in 

co 

d 

o 

d 

d 

in 

CM 

d 

d 

d 

CO 

d 

CO 

co 

d 

ON 

d 

od 

CM 

CM 

cd 

d 

o 

d 

d 

d 

CM 

ON 

co 

CO 

CO 

co 

CO 

co 

co 

CO 

co 

CO 

CO 

co 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CO 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 

CM 

r-> 

oo 

NO 

co 

Of 

NO 

CO 

ON 

NO 

o 

CM 

oo 

Nf 

NO 

00 

CM 

q 

q 

O 

r-' 

ON 

in 

NO 

NO 

Nf 

or 

q 

NO 

CM 

o^ 

ON 

On’ 

O'’ 

ON 

ON 

— 

d 

d 

OO 

oo 

d 

O'’ 

ON 

o 

d 

d 

d 

d 

— ' 

d 

d 

d 

d 

d 

cd 

d 

o 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

O' 

NO 

NO 

C' 

NO 

NO 

C' 

NO 

NO 

C" 

t" 

O' 

O' 

C' 

C' 

C' 

O' 

O' 

c- 

o 

CO 

in 

OO 

or 

ON 

CM 

CM 

O' 

NO 

© 

o 

O' 

q 

CM 

oo 

q 

or 

n 

oo 

Nf 

o 

>n 

CO 

or 

I/O 

Of 

or 

or 

Of 

or 

d 

CO 

d 

co 

CO 

CO 

d 

d 

co 

d 

d 

d 

cd 

d 

d 

cd 

cd 

d 

d 

d 

d 

d 

d 

CM 

o 

in 

o 

or 

>n 

OO 

o 

oo 

O' 

NO 

in 

«n 

t" 

oo 

or 

CM 

oo 

CO 

or 

oo 

q 

q 

oo 

CO 

q 

CM 

co 

co 

CO 

CO 

of 

cm’ 

o< 

— 

oo 

co 

d 

d 

d 

d 

>n 

d 

d 

d 

CM 

d 

d 

cd 

d 

in’ 

d 

cd 

CO 

in 

in 

in 

>n 

in 

in 

or 

in 

in 

OT 

>n 

in 

in 

in 

>n 

n 

>n 

in 

in 

in 

in 

in 

in 

in 

>n 

>n 

in 

<n 

CM 

in 

or 

CM 

or 

or 

ON 

ON 

oo 

CM 

O' 

NO 

CO 

co 

o 

q 

q 

q 

in 

q 

q 

q 

q 

q 

oo 

in 

in 

CM 

cm’ 

in 

of 

in 

in 

in 

CM 

OO 

OO 

o 

ON 

oo 

OT 

q 

o 

in 

or 

CM 

co 

q 

co 

or 

o 

r-" 

wo 

CO 

q 

or 

in 

d 

d 

CO 

co 

of 

oo 

d 

oo 

d 

d 

d 

in 

d 

in 

d 

co 

CM 

cd 

NO 

d 

NO 

NO 

d 

d 

d 

d 

d 

cd 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

00 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

00 

oo 

OO 

oo 

OO 

oo 

OO 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

- 

NO 

in 

NO 

>n 

CM 

or 

or 

CM 

O' 

oT 

Nf 

T 

or 

CM 

NO 

o 

00 

co 

C~ 

ON 

O' 

CM 

- 

NO 

NO 

oo 

oo 

or 

© 

NO 

NO 

NO 

or 

00 

NO 

ON 

On 

o 

NO 

© 

t" 

NO 

in 

or 

CM 

O' 

ON 

O' 

o 

in 

in 

00 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

© 

o 

o 

o 

o 

o 

CO 

CM 

oo 

or 

or 

NO 

in 

NO 

CM 

oo 

o 

CM 

oo 

n 

m 

CM 

in 

Of 

C' 

in 

o 

o 

>n 

in 

CM 

CM 

NO 

CM 

CM 

CM 

CM 

Nf 

CO 

co 

CM 

CM 

CM 

co 

NO 

Of 

ON 

t-~ 

NO 

CM 

NO 

CO 

or 

O' 

O' 

O' 

C' 

or 

CM 

CO 

or 

t" 

if 

o 

CO 

or 

CO 

CM 

o 

r~- 

o 

oo 

CM 

On 

CM 

CM 

CM 

CM 

CO 

CM 

© 

o 

oo 

NO 

m 

vO 

or 

CM 

o 

NO 

O' 

O' 

CO 

CO 

CO 

O 

CM 

o 

o 

NO 

NO 

CM 

O' 

C' 

O 

oo 

OO 

CM 

CO 

o 

o 

CM 

CM 

CM 

NO 

oo 

o 

CM 

CM 

co 

oo 

© 

O' 

t"- 

CO 

NO 

or 

00 

or 

O' 

ON 

ON 

oo 

© 

n 

O' 

O' 

C' 

C' 

OO 

ON 

o 

n 

CM 

OT 

CM 

o 

CO 

o 

CO 

o 

o 

o 

O 

O' 

co 

co 

co 

CO 

t-' 

CO 

c- 

o 

o 

o 

c- 

r- 

CO 

o 

co 

o 

CO 

CO 

co 

OT 

ON 

o 

>n 

CM 

o 

in 

co 

CO 

co 

in 

© 

CO 

Nf 

or 

C~ 

oo 

oo 

in 

o 

CO 

co 

On 

or 

CM 

CM 

in 

NO 

NO 

o 

— 

ON 

NO 

or 

co 

NO 

in 

co 

CM 

CM 

NO 

or 

CO 

CO 

CM 

or 

or 

in 

o 

CO 

O' 

CM 

NO 

CM 

O' 

O' 

«n 

CM 

O' 

O' 

or 

or 

NO 

CO 

Nf 

oo 

wo 

CM 

in 

CO 

ON 

oo 

o 

CM 

O' 

in 

CO 

— 

CM 

NO 

in 

O' 

NO 

in 

in 

or 

CO 

CM 

O' 

nO 

CM 

On 

or 

c- 

or 

C' 

<n 

«n 

or 

CM 

CO 

CM 

in 

O' 

CM 

o 

CM 

in 

NO 

of 

CO 

CO 

O' 

NO 

00 

OO 

CM 

o 

ON 

NO 

C' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

NO 

c~ 

0© 

O' 

o 

CM 

CO 

Of 

in 

NO 

r-' 

oo 

O' 

o 

CM 

CO 

of 

in 

NO 

C' 

oo 

ON 

o 

CM 

co 

oT 

or 

or 

or 

or 

in 

in 

in 

in 

«n 

in 

n 

in 

>n 

in 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

C" 

O' 

O' 

f" 

O' 

QUAD  PROD  ALT  STD  ALT  HOTD  COLDD  MAXT  MINT  HOTM  STDH  COLDM  STDC  MAT  MATR  MAP  MIVP 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  38,  NO.  2,  1986 


st 

r- 

r-~ 

oo 

so 

st 

r- 

m 

«n 

OO 

st 

oo 

© 

CM 

r~~ 

Os 

q 

Os 

q 

sO 

CM 

q 

sO 

as 

q 

© 

d 

d 

” 

d 

d 

o 

1 

d 

d 

CO 

Os 

Os 

sO 

in 

r- 

m 

oo 

CM 

r-~ 

m 

oo 

in 

<n 

st 

— 

Os 

q 

q 

*— 

q 

q 

q 

q 

q 

q 

— 

00 

o 

sd 

oo’ 

Os’ 

Os 

oo 

d 

d 

d 

d 

d 

_- 

d 

oo 

»n 

© 

CM 

CM 

<n 

rsi 

rsi 

rM 

CM 

CM 

m 

CM 

CM 

CM 

CM 

st 

q 

, 

q 

oo 

Os 

oo 

q 

rr 

q 

q 

q 

O 

00 

O 

Os’ 

d 

rsi 

O' 

sd 

OO 

d 

oo 

d 

d 

in 

d 

sd 

CM 

tN 

m 

m 

rM 

rM 

m 

CM 

CM 

CM 

CM 

CM 

st 

o 

m 

m 

_ 

_ 

oo 

q 

OO 

O' 

q 

q 

Os 

q 

CM 

cm 

o 

d 

cm 

d 

cm 

d 

CM 

d 

CM 

d 

d 

d 

r- 

t— 

r~~ 

r- 

r~ 

r- 

c- 

r- 

c~ 

r-'- 

r- 

r- 

c- 

m 

in 

oo 

q 

q 

r- 

q 

q 

q 

>n 

q 

q 

d 

d 

d 

d 

rsi 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

r- 

q 

00 

cm 

cm 

00 

q 

_ 

Os 

q 

q 

o 

q 

st 

d 

d 

d 

d 

d 

d 

oo 

d 

d 

in 

d 

in 

o 

d 

m 

in 

m 

in 

in 

m 

>n 

m 

m 

>n 

in 

in 

sO 

so 

m 

CM 

_ 

oo 

q 

<n 

_ 

q 

q 

00 

q 

>n 

q 

q 

oo 

" 

“ 

" 

“ 

rsi 

cm 

d 

cm’ 

cm’ 

cm’ 

O' 

00 

Tf 

q 

m 

O' 

q 

o 

r- 

r-~ 

q 

q 

q 

q 

m 

in 

d 

d 

d 

<n 

sd 

d 

sd 

in 

d 

d 

d 

in 

in 

d 

oo 

oo 

oo 

oo 

00 

oo 

oo 

OO 

oo 

oo 

oo 

oo 

oo 

oo 

oo 

CM 

SO 

Os 

oo 

CM 

Os 

o 

o 

O' 

CM 

in 

t"- 

st 

o 

CM 

Os 

o 

>n 

OS 

© 

oo 

q 

st 

r- 

O' 

sO 

00 

O 

o 

O 

o 

o 

o 

O 

O 

o 

o 

O 

SO 

oo 

so 

rsi 

m 

- 

sO 

in 

r- 

r- 

St 

st 

st 

- 

00 

O 

o 

so 

CM 

sO 

o 

o 

CM 

00 

o 

r- 

so 

st 

st 

m 

sO 

SO 

m 

m 

OO 

SO 

st 

st 

c- 

sO 

St 

o 

Os 

Cs| 

q 

o 

O' 

oo 

o 

oo 

o 

o 

O 

oo 

o 

- 

Os 

st 

Os 

© 

o 

OS 

O' 

o 

O' 

r- 

ro 

o 

o 

<n 

o 

o 

o 

c- 

O 

o 

O 

r- 

o 

oo 

«n 

o 

c- 

SO 

oo 

oo 

sO 

in 

in 

o 

SO 

>n 

m 

rM 

st 

st 

CM 

CM 

CM 

oo 

o 

Os 

o 

>n 

oo 

OS 

o 

OO 

so 

CC 

O' 

O' 

O 

r~- 

o 

m 

<n 

o 

rsi 

© 

m 

o 

m 

>n 

ro 

r~- 

<n 

VO 

o 

CM 

CM 

so 

SO 

Os 

o 

oo 

oo 

O' 

st 

O' 

m 

o 

CM 

in 

sO 

r^ 

oo 

O' 

O 

rM 

m 

St 

in 

so 

oo 

O 

r- 

r- 

r-~ 

OO 

oo 

00 

00 

OO 

oo 

OO 

oo 

oo 

OO 

ENVIRONMENTAL  VARIABLES  IN  TEXAS 


III 


“environmental  rigor.”  These  are  related  to  the  physiological  tolerance 
limits  of  certain  organisms  or  the  tolerances  of  other  biota  upon  which 
organisms  depend. 

Mean  annual  temperature  range  (MATR)  and  mean  intermonthly 
variability  of  precipitation  (MIVP)  represent  estimates  of  within-year 
climatic  fluctuation  and  thus  reflect  climatic  stability  or  seasonality. 
Standard  deviations  of  mean  January  (STDC)  and  July  (STDH) 
temperatures  reflect  between-year  climatic  variability.  These,  together 
with  the  maximum  (MAXT)  and  minimum  (MINT)  temperatures, 
represent  climatic  unpredictableness  or  irregularity  associated  with 
extreme  thermal  conditions.  Adaptive  responses  of  organisms  to  within- 
year  and  between-year  climatic  variability  may  differ  because  the  former 
is  cyclic  and  relatively  predictable,  whereas  the  latter  is  unpredictable. 

It  is  not  the  purpose  of  this  paper  to  present  an  exhaustive 
interpretation  or  analysis  of  the  environmental  data.  The  exact  form  of 
a  data  analysis  should  be  designed  by  investigators  in  such  a  manner  as 
to  meet  their  own  particular  needs.  We  present  below  three  rather  simple 
statistical  analyses,  two  of  which  (the  tests  of  distributional  normality  and 
variable  correlation)  are  basic  statistics  used  by  many  scientists.  Principal 
components  analysis  was  used  to  provide  an  overview  of  statewide 
climatic  trends  when  two  important  variables  (temperature  and 
precipitation)  are  considered  simultaneously. 

The  Kolmogorov-Smirnov  test  rejected  the  null  hypothesis  of  normality 
for  all  variables  at  the  P  <  0.05  level  with  the  exception  of  those  for 
minimum  temperature  (MINT),  mean  annual  temperature  (MAT),  mean 
annual  temperature  range  (MATR),  and  coldest  month  (COLDM).  For 
this  reason,  it  would  be  inappropriate  to  use  any  of  the  variables,  except 
those  noted  above,  with  statistical  procedures  that  require  them  to  be 
normally  distributed  unless  they  are  first  transformed  to  meet  the 
assumptions  of  normality. 

Based  on  the  normality  tests,  most  pairwise  comparisons  between  the 
15  environmental  variables  do  not  have  a  joint,  bivariate  normal 
distribution.  This  motivated  the  use  of  the  Spearman’s  coefficient  of  rank 
correlation  to  measure  statistical  correspondence  between  the  variables. 
The  estimated  Spearman  coefficients,  rs,  are  presented  in  Table  3  along 
with  the  probability  of  a  greater  absolute  value  of  rs  under  the  null 
hypothesis  that  rho  =  0. 

Many  pairs  of  variables  are  substantially  and  significantly  correlated. 
This  is  pointed  out  as  a  caveat  to  the  reader  who  may  wish  to  use  many 
or  all  of  them  in  statistical  procedures  where  correlation  between 
variables  is  of  consequence.  For  example,  if  these  data  were  used  as 
independent  variables  in  a  multiple  regression  analysis,  one  would  have 
to  deal  with  multicollinearity. 


Table  3. — Spearman’s  coefficient  of  rank  correlation,  rs,  for  pairwise  comparisons  between  the  15  environmental  variables  of  Table  1.  Upper  value 
is  the  estimated  correlation  coefficient;  lower  value  is  P  >|rs|  under  HO:rho  =  0;  n  =  189;  *=  P  <  .05;  **  =  P  <  .01;  ***  =  P  <  .001; 
NS  indicates  P>  .05. 
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Table  4. — Coefficients  for  the  first  two  principal  components,  ei  and  e2,  and  correlation 
coefficients,  r,  between  the  principal  components,  yi  and  y2,  and  the  variables  xh  i  — 
I,  2,  3,  4. 


Variable 

ei 

rvi.*i 

e2 

ry2,xi 

Mean  annual 

0.588 

0.98 

-0.16 

-0.15 

temperature 
Mean  January 

0.563 

0.94 

-0.093 

-0.086 

temperature 
Mean  July 

0.513 

0.85 

-0.22 

-0.20 

temperature 
Mean  annual 

0.271 

0.45 

0.96 

0.89 

precipitation 

The  first  two  principal  components  were  extracted  from  a  correlation 
matrix  of  three  temperature  variables  and  mean  annual  precipitation 
(MAT,  COLDM,  HOTM,  and  MAP).  These  four  variables  were  chosen 
because  they  are  considered  to  be  the  most  important  climatic  factors  in 
controlling  biotic  processes.  Mean  annual  rainfall  varies  from  a  high  of 
54.77  inches  (139  centimeters)  in  locations  near  the  Louisiana  border 
(quadrats  134,  151)  to  8.06  inches  (20.5  centimeters)  in  extreme  western 
Texas  near  El  Paso  (quadrat  62).  Mean  annual  temperature  varies  from 
55° F  (12.8° C)  in  the  northern  High  Plains  (quadrat  4)  to  74°F  (23.3°C) 
in  the  South  Texas  brush  country  (quadrat  178).  These  two  major 
climatic  tendencies  have  a  weak  but  significant  correlation  (rs  =  0.37,  n 
=  189;  P<  0.0001). 

Eigenanalysis  was  performed  on  the  correlation  matrix  rather  than  the 
covariance  matrix  because  the  units  of  measurement  (degrees  F  for 
temperature  and  inches  for  precipitation)  were  not  commensurate 
(Johnson  and  Wichern,  1982).  The  first  two  principal  components,  scaled 
so  that  the  largest  element  of  each  eigenvector  is  equal  to  unity,  are  as 
follows:  principal  component  1  =  1.00  MAT  +  0.96  COLDM  +  0.87 
HOTM  +  0.46  MAP;  principal  component  2  =  —0.17  MAT  —  0.10 
COLDM  —  0.23  HOTM  +  1.00  MAP.  These  two  components  accounted 
for  69.0  percent  and  21.6  percent,  respectively,  of  the  total  variance 
among  the  quadrats  with  respect  to  the  four  variables. 

Eigenvectors  of  the  first  two  principal  components  along  with 
correlations  between  the  first  and  second  principal  components  and  the 
four  climatic  variables  are  presented  in  Table  4.  Biological  interpretations 
of  the  principal  components  are  usually  more  dependable  when  made  in 
terms  of  the  correlations  rather  than  the  eigenvectors  (Johnson  and 
Wichern,  1982).  Based  on  these  correlations,  we  conclude  that  the  three 
temperature  variables  are  highly  important  to  the  first  principal 
component  and  that  precipitation  is  of  moderate  importance. 
Precipitation  dominates  the  second  component,  with  the  temperature 
variables  having  little  importance.  The  third  component  accounts  for  only 
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Figure  2.  Quadrats  of  Figure  1  plotted  in  the  two-dimensional  space  of  the  first  two 
principal  components.  The  ecological  interpretation  is  in  terms  of  contrasts  between 
regions  based  on  temperature  and  precipitation. 


9.1  percent  of  the  total  variation  and  is  not  presented.  This  component, 
however,  may  be  given  an  interesting  interpretation.  It  is  strongly 
positively  correlated  with  hottest  month  (HOTM)  and  strongly  negatively 
correlated  with  coldest  month  (COLDM).  Thus,  the  third  component 
may  be  interrupted  as  a  vector  that  contrasts  increasingly  hotter  summers 
with  colder  winters.  Such  strong  contrasts  in  yearly  temperatures  could 
present  adaptational  problems  to  organisms  and  could  be  of  considerable 
biological  importance  for  some  organisms. 

The  weather  stations  associated  with  the  quadrats  are  plotted  in  the 
two-dimensional  coordinate  space  of  the  first  two  principal  components 
in  Figure  2.  An  overview  of  this  graph  reveals  a  near-continuum  of 
climatic  change  along  temperature  and  precipitation  gradients.  The  two- 
dimensional  space  may  be  divided  into  four  temperature-precipitation 
regions.  It  is  interesting  to  note  that  certain  weather  combinations  are 
rare.  For  example,  quadrats  with  values  in  the  cooler-moister  region  tend 
not  to  occur  in  Texas.  Values  in  this  region  are  grouped  along  the  graph 
axes  indicating  either  high  scores  on  one  axis  and  low  values  on  the  other 
or  low  values  on  both  axes. 

There  are  many  other  possibilities  for  principal  components  analysis  of 
the  data  set.  An  investigator  might  be  interested  in  the  principal  trends 
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of  variation  in  the  standard  deviations  of  the  data  or  in  a  vector 
indicating  principal  trends  in  summer-winter  extremes.  These  dimensions 
could  be  useful  in  studies  of  the  disturbance  effects  of  the  climate  on 
community  structure.  Newnham  (1968)  and  Rotenberry  (1978)  discussed 
examples  of  the  use  of  principal  components  analysis  in  the  study  of 
biological  relationships  with  climatic  data. 

Mantel’s  test  (Mantel,  1967)  is  another  potentially  valuable  statistical 
technique  for  examining  relationships  between  environmental  data  sets 
and  other  biological  data  sets.  Mantel’s  procedure  is  a  generalized 
regression  technique  that  tests  for  associations  between  interindividual 
distances  based  on  one  characteristic  (or  set  of  characters)  and  those 
calculated  from  a  second  characteristic  (Schnell  et  al.,  1985b).  Two 
paired-distance  matrices  are  compared  to  determine  if  their  corresponding 
elements  depart  from  statistical  randomness.  In  this  case,  one  distance 
matrix  might  represent  paired  differences  between  quadrats  based  on  a 
climatic  variable,  such  as  mean  annual  temperature,  whereas  the  second 
matrix  might  consist  of  paired-distances  between  a  morphological 
dimension  of  systematic  importance  or  an  ecological  characteristic,  such 
as  habitat  type.  For  the  latter  example,  an  appropriate  null  hypothesis 
would  be  that  there  is  no  relationship  between  mean  annual  temperature 
and  habitat  type.  The  test  statistic  used  in  Mantel’s  procedure  is 
asymptotically  normal  and  is  equivalent  to  Student’s  /-distribution  with 
infinite  degrees  of  freedom.  Positive  and  significant  /-values  would 
indicate  a  regional  association  between  the  variables  such  that  quadrats 
with  greater  differences  in  mean  annual  temperature  would  correspond  to 
greater  differences  in  habitat  type.  A  better  understanding  of  many 
biological  questions  could  be  approached  through  the  use  of  Mantel’s 
test.  Schnell  et  al.  (1985a)  and  articles  cited  therein  provide  additional 
information  on  this  procedure. 

In  conclusion,  we  consider  the  environmental  data  set  presented  in  this 
paper  to  be  a  potentially  valuable  resource  that  could  be  of  general  utility 
to  biologists  and  agricultural  investigators  across  a  wide  range  of 
environmental  studies.  Because  of  its  direct  and  indirect  impact  upon 
biota,  climate  plays  an  important  role  in  the  sciences  of  ecology  and 
systematics.  Ecological  investigations  relating  the  biota  of  a  region  to 
climatic  data  have  advanced  our  understanding  in  both  floristic 
(Whittaker,  1975;  Webb  et  al.,  1983;  Richerson  and  Lum,  1980;  Marks 
and  Harcomb,  1981)  and  faunistic  (Schall  and  Pianka,  1978;  Rodgers, 
1976;  Matson,  1982)  studies.  In  systematics,  climatic  data  have  been 
successfully  used  in  studies  (Burnett,  1983;  Kennedy  and  Lindsay,  1984) 
to  explore  statistical  relationships  between  geographic  variation  in 
morphology  and  associated  climatic  change.  Examples  in  this  paper 
represent  only  a  few  of  many  possible  citations  from  the  literature  of 
biological  studies  involving  climatic  data.  It  is  our  hope  that  biologists 
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working  in  Texas  can  use  the  ideas  and  data  presented  herein  as  a  basis 
for  evaluating  relationships  between  environmental  factors  and  biotic 
variation. 
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Appendix  1. — Quadrats  (see  Fig.  1)  and  locations  of  their  associated  weather  stations. 
Unless  noted  otherwise,  all  weather  stations  are  in  Texas. 


1 

Dalhart 

52 

Anson 

2 

Stratford 

53 

Albany 

3 

Spearman 

54 

Breckenridge 

4 

Perryton 

55 

Weatherford 

5 

Follett 

56 

Benbrook  Reservoir 

6 

Bravo 

57 

Kaufman 

7 

Dumas 

58 

Wills  Point 

8 

Borger 

59 

Gladewater 

9 

Miami 

60 

Marshall 

10 

Reydon  (OK) 

61 

Shreveport  (LA) 

1 1 

Garcia  Lake 

62 

La  Tuna 

12 

Canyon 

63 

Orogrande  (NM) 

13 

Amarillo 

64 

Average  of  quad.  63,  65,  83 

14 

Clarendon 

65 

Carlsbad  Airport  (NM) 

15 

Wellington 

66 

Jal  (NM) 

16 

Friona 

67 

Andrews 

17 

Dimmitt 

68 

Midland-Odessa 

18 

Silverton 

69 

Big  Spring 

19 

Memphis 

70 
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POPULATION  DYNAMICS  AND  NATURAL  HISTORY  OF  A 
NEOTROPICAL  WALKING  STICK,  LAMPONIUS  PORTORICENSIS 
REHN  (PHASMATODEA:  PHASMATIDAE) 

Michael  R.  Willig,  Rosser  W.  Garrison,  and  Arlene  J.  Bauman 

Department  of  Biological  Sciences  and  The  Museum,  Texas  Tech  University,  Lubbock, 
Texas  79409,  Terrestrial  Ecology  Division,  Center  for  Energy  and  Environment  Research, 
G.  P.  O.  Box  3682,  San  Juan,  Puerto  Rico  00936,  and  Department  of  Fisheries  and  Wildlife, 
Michigan  State  University,  East  Lansing,  Michigan  48824. 

Abstract. — Although  phasmatids  are  conspicuous  components  of  many  neotropical 
ecosystems,  their  biology  and  natural  history  are  poorly  understood.  Herein,  the  population 
structure  and  movement  patterns  of  the  endemic  Puerto  Rican  walking  stick,  Lamponius 
portoricensis,  are  described  based  on  mark-recapture  methods.  Individuals  were  marked  and 
observed  over  two  three-week  periods  in  the  wet  season.  Individuals  moved  an  average  of 
only  0.55  meters  per  day;  significant  differences  between  phases  for  movement  parameters 
were  not  obtained.  The  greatest  individual  movement  was  6.02  meters  in  two  days.  A 
significant  shift  in  size  (=age)  structure  occurred  between  experimental  phases  and  was 
attributable  to  the  higher  proportion  of  short  Phase  I  nymphs  (10.1-30.0  mm)  and  a  higher 
proportion  large  Phase  II  specimens  (30.1-110.0  mm).  The  spatial  distribution  of  captures 
was  significantly  different  than  random;  the  observed  clumped  distribution  of  recaptures 
probably  was  affected  by  the  non-random  distribution  of  forage  plants  within  the  study 
area.  All  captures  were  obtained  in  the  understory  (<  1.3  meter);  most  frequently  used 
forage  plants  included  Piper  treleaseanum,  Dendropanax  arboreus,  Piper  hispidum,  and 
Urera  baccifera.  Predation  escape  mechanisms  and  demographic  strategies  in  L. 
portoricensis  are  discussed  in  relation  to  habitat  preference.  Key  words:  Lamponius ; 
phasmatid;  demography;  Puerto  Rico;  population  ecology. 

Detailed  studies  of  neotropical  insect  population  ecology  have  lagged 
far  behind  similar  studies  on  temperate  zone  species.  The  poor  and  often 
chaotic  state  of  neotropical  insect  taxonomy,  as  well  as  the  dearth  of 
insect  ecologists  working  in  Latin  America  have  contributed  to  the 
imbroglio.  Although  many  papers  provided  descriptions  of  the  natural 
history  and  ecology  of  tropical  taxa  (for  example,  Collenette  and  Talbot, 
1928;  Corn,  1972;  Young,  1972,  1973,  1982;  Muyshondt,  1973a,  1973b; 
Palmer,  1976;  Sivinski,  1978,  1980),  fewer  quantitative  studies  have  been 
conducted  (for  example,  Benson  and  Emel,  1973;  Freeman,  1973,  1980; 
Freeman  and  Taffe,  1974;  Freeman  and  Jayasingh,  1975;  Wolda,  1978a, 
1978b,  1979a,  1979b,  1980a,  1980b,  1983;  Jayasingh  and  Freeman,  1980; 
Wolda  and  Galindo,  1981)  and  these  have  not  considered  movement 
dynamics  in  addition  to  density  and  home  range  parameters.  Turner 
(1971),  Ehrlich  and  Gilbert  (1973),  and  Cook  et  al.  (1976)  provided 
notable  exceptions  for  butterflies.  Studies  that  involved  the  passive 
capture  of  specimens  in  insect  traps  (Penny  and  Arias,  1981)  are  valuable, 
but  provide  minimum  population  estimates  and,  unless  traps  are  checked 
daily,  cannot  be  used  to  monitor  diel  patterns  of  population  density. 
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Moreover,  movement  and  dispersal  data  cannot  be  obtained  because 
captured  individuals  are  permanently  removed  from  the  population. 

The  Phasmatodea,  or  walking  sticks,  are  primarily  a  tropical  group  of 
herbivores  that  occasionally  have  an  economic  impact  on  human- 
manipulated  systems  (Campbell,  1960,  1961,  1966,  1974;  Mazenac,  1966, 
1967,  1968;  Campbell  and  Hadlington,  1967;  Paine,  1968).  Many  species 
are  large  but  cryptic  because  of  their  resemblance  to  twigs.  The  biology 
of  Phasmatidae  is  poorly  known;  the  work  of  Bedford  (1978)  is  the  best 
contemporary  review.  The  only  quantitative  study  on  this  group 
estimated  population  densities  of  two  species  in  southeastern  Australia 
that  occasionally  reach  plague  numbers  in  Eucalyptus  forests  (Campbell, 
1960).  By  sampling  egg  density  and  frass  production  from  nymphs  and 
adults  at  various  forest  sites,  future  magnitudes  of  infestation  could  be 
estimated.  The  ecological  or  population  data  reported  for  all  neotropical 
species  is  entirely  descriptive  (Robinson,  1968a,  1968b,  1969;  Moxey, 
1971)  or  anecdotal  (Wolcott,  1948). 

Since  1981,  various  animal  components  of  an  insular  neotropical  rain 
forest  in  eastern  Puerto  Rico  have  been  studied  as  part  of  an 
investigation  with  the  goal  of  constructing  a  comprehensive  food  web  for 
the  community.  This  work  has  been  funded  by  the  U.S.  Department  of 
Energy  as  part  of  an  ongoing  study  of  nutrient  cycling.  The  phasmatid, 
Lamponius  portoricensis  Rehn,  is  a  large  (up  to  1 10  mm),  common  insect 
in  Puerto  Rico  and  is  a  potentially  important  grazer  in  the  forest 
understory.  Most  published  works  on  this  species  are  systematic  (for 
references  see  Moxey,  1971,  1972),  although  limited  comments  on  natural 
history  are  included  also.  The  purpose  of  this  study  is  to  describe  the 
population  dynamics  of  a  tropical  phasmatid  during  two  portions  of  the 
wet  season,  including  data  on  individual  movements,  daily  population 
size,  size  (=age)  class  structure,  and  other  ecological  attributes  of  the 
species.  To  our  knowledge,  this  is  the  first  investigation  to  apply  mark- 
recapture  methodologies  to  a  population  of  phasmatids. 

Description  of  the  Study  Site  and  Methods 

Field  work  was  conducted  during  the  summer  of  1982  at  El  Verde  Field  Station  (latitude 
18°  19'  N,  longitude  65°  45'  W),  located  on  the  west  slope  of  the  Luquillo  Mountains  in 
eastern  Puerto  Rico.  This  site  is  classified  as  a  subtropical  rainforest  (Holdridge,  1947;  Ewel 
and  Whitmore,  1973)  and  annually  receives  an  average  of  3456  mm  of  rainfall.  Tabonuco 
( Dacryodes  excelsa)  is  the  dominant  hardwood;  other  common  trees  include  Buchenavia 
capitata,  Inga  fagifolia,  Guarea  trichilioides,  and  Prestoea  montana.  Lamponius 
portoricensis  is  a  common  inhabitant  of  the  forest,  where  it  is  especially  abundant  in  open 
or  disturbed  areas  of  the  understory.  It  is  polyphagous  and  feeds  on  Dendropanax 
arboreus,  Piper  hispidum,  P.  treleaseanum,  and  Urera  baccifera,  shrubs  that  commonly 
occur  in  exposed  areas  (Willig,  unpublished  data).  Walking  sticks  are  active  at  night,  during 
which  time  they  feed  and  engage  in  sexual  activities.  Two  other  phasmatids,  Diapherodes 
achalus  (Rehn)  and  Agamemnon  iphimedeia  Moxey,  occur  at  the  site,  but  they  are  quite 
rare  and  are  not  further  discussed  in  this  report. 
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The  study  comprised  two  mark-recapture  periods:  Phase  I  occurred  during  a  dry  period 
of  the  wet  season  from  17  June  to  4  July  1982,  and  Phase  II  was  conducted  from  10  July 
to  1  August  1982  when  precipitation  was  more  characteristic  of  the  wet  season. 
Exceptionally  high  precipitation  precluded  field  work  on  three  nights  during  Phase  I  and 
two  nights  during  Phase  II.  The  study  site,  contained  within  a  light  gap  zone  of  the  forest, 
encompassed  a  grid  of  10  by  10  meters  consisting  of  100  square  meter  quadrats.  Early 
successional  plants  dominated  the  understory  and  included  P.  treleaseanum,  P.  hispidum, 
V.  baccifera,  D.  arboreus,  Ruella  coccinea,  Inga  vera,  and  Heliconius  sp.  Because  shrubs 
did  not  exceed  a  height  of  four  meters,  it  was  possible  to  meticulously  examine  all  portions 
of  each  plant  during  each  sampling  period.  Sampling  occurred  between  1930  and  0230 
hours;  unmarked  insects  were  marked  with  a  unique  number  on  the  dorsum  or  venter  (or 
both)  of  the  thorax  using  a  Pilot  permanent  ink  felt-tipped  pen  before  being  released  at 
the  site  of  capture.  In  addition,  we  recorded  length  (mm),  age-sex  category  (adult  male, 
adult  female,  nymph),  activity  (moving,  eating,  resting,  copulating),  substrate  type  (ground, 
leaf  surface,  stem),  quadrat  location  on  the  grid,  and  species  of  forage  plant,  when 
applicable,  for  each  capture. 

Lamponius  portoricensis  is  sexually  dimorphic  in  length  (males:  Y  —  80.6  mm,  s  =  3.90 
mm,  n  =  20;  females:  Y  =  89.6  mm,  s  =  6.44  mm,  n  =  20)  with  the  females  significantly 
larger  than  the  males — Behrns-Fisher  t-test  for  samples  with  unequal  variance:  t'  =  5.35, 
P  <  .05  (Snedecor  and  Cochran,  1967).  Adults  could  be  distinguished  from  nymphs  by  the 
extent  of  development  of  the  terminal  genitalia  as  well  as  by  size.  Adult  males  were  at  least 
72  mm  long  and  adult  females  were  at  least  77  mm  long. 

The  techniques  of  Scott  (1974,  1975)  were  used  to  analyze  population  movement 
parameters.  Straight-line  distances  between  temporally  consecutive  captures  (d.)  were 
summed  (Di  =  Sdj)  and  divided  by  the  total  number  of  days  between  first  and  last  capture 
(Ti),  yielding  a  velocity  (V,  =  Dj  /  Tj).  We  calculated  average  Di,  Ti,  and  V,  for  each  phase 
of  the  study.  The  length  of  a  straight  line  between  the  most  distant  capture  points  for  an 
individual  was  used  to  estimate  its  home  range.  Home  range  size  would  be  expected  to 
increase  as  recapture  frequency  increases,  especially  for  home  ranges  determined  from  a  low 
number  of  captures  (Southwood,  1978;  Mares  et  al.,  1980).  Frequently,  however,  few 
individuals  are  captured  sufficiently  often  to  produce  a  reliable  estimate  of  home  range  and 
a  compromise  between  number  of  individuals  and  number  of  captures  per  individual  must 
be  obtained  in  order  to  produce  a  gross  estimate  of  home  range.  Brussard  et  al.  (1974) 
calculated  home  ranges  for  the  checkerspot  butterfly,  Euphydryas  editha,  using  individuals 
with  a  minimum  of  five  recaptures.  Similarly,  we  restricted  the  calculation  of  Rmax  (home 
range  size)  to  those  individuals  with  five  or  more  captures.  Although  the  capture  criterion 
is  somewhat  arbitrary,  the  lack  of  a  significant  correlation  between  Rmax  and  capture 
number  for  individuals  with  five  or  more  captures  in  Phase  I  (r  =  .49,  df  =  14,  p  >  .05) 
and  Phase  II  (r  =  .32,  df  =  16,  P>  .05)  suggests  that  our  decision  is  unbiased. 

Comparisons  of  dispersion  for  Phases  I  and  II  were  accomplished  using  Morisita’s  (1959) 
Index: 


q 


n,  (nj — 1) 


16  = 


N(N-l) 


where  q  =  number  of  quadrats,  n,  =  the  number  of  individuals  captured  in  quadrat  i,  and 
N  =  the  total  number  of  captures  including  all  quadrats  (Sm).  The  index  is  easy  to  calculate 
and  provides  a  direct  method  of  comparison  when  quadrat  number  is  equal  and  m  is 
relatively  large.  Values  less  than  one  indicate  uniformity;  values  equal  to  one  indicate 
randomness;  and  values  greater  than  one  indicate  aggregation. 
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Table  1.  Number  of  L.  portoricensis  marked  (N),  number  recaptured  (RC),  percent 
recaptured  (%  RC),  and  average  number  of  recaptures  per  individual  (RCav). 


Phase 

Stage 

Sex 

N 

RC 

%  RC 

RCav 

1 

Adult 

Male 

13 

4 

31 

0.92 

Female 

3 

2 

67 

2.67 

Nymph 

— 

108 

58 

54 

1.32 

II 

Adult 

Male 

7 

3 

43 

0.43 

Female 

I 

0 

0 

0.00 

Nymph 

— 

1 14 

62 

54 

1.75 

Totals 

Phase  I 

124 

64 

56 

1.31 

Phase  11 

122 

65 

53 

1.66 

We  used  the  Bailey  (1951,  1952),  Jolly  (1965),  and  Manly-Parr  (1968)  methods  for 
estimating  daily  population  size  (N,),  survival  or  residency  rates  (</>0,  proportion  of  the 
marked  animals  in  the  population  (ch),  and  number  of  marked  animals  in  the  population 
(M,).  The  latter  two  models  are  less  deterministic  than  others  (Seber,  1973;  Southwood, 
1978)  and  allow  for  daily  ingress  and  egress.  Further,  the  Manly-Parr  model  does  not 
assume  that  mortality  is  independent  of  age.  We  marked  both  adults  and  nymphs,  but  if 
a  marked  nymph  molted,  it  would  be  considered  a  new  capture,  and  the  previously  marked 
individual  would  be  considered  lost  to  the  population.  As  a  result,  both  the  Jolly  and 
Manly-Parr  demographic  techniques  probably  produce  somewhat  high  population  estimates 
and  artificially  low  residency  rates.  An  additional  complication  arises  because  these  models 
cannot  distinguish  between  emmigration,  death,  and  molting  (that  is,  loss  of  marks);  hence, 
we  did  not  compute  daily  immigration-emmigration  rates  (bi).  In  addition,  the  computation 
of  average  individual  life  spans,  as  done  for  damselflies  by  Garrison  (1978)  and  Garrison 
and  Hafernik  (1981),  is  not  applicable  here. 

Although  the  Bailey  triple-catch  method  is  less  likely  to  accurately  estimate  the  magnitude 
of  population  variation,  it  does  act  as  a  check  on  the  biases  of  the  other  two  methods 
because  the  effects  of  loosing  marked  individuals  through  molting  or  death  would  be  small 
over  the  three-day  sample  period  of  each  estimate.  If  all  three  estimation  techniques  yield 
similar  average  population  estimates,  then  one  can  assume  that  population  estimates  are 
reliable  and  robust  with  respect  to  deviations  from  their  assumptions.  Many  phasmatid 
species  are  apparently  long-lived — nine  to  1 1  months  for  Phyllium  biculatum  Gray 
(Foucher,  1916a)  three  weeks  to  eight  months  for  Cyphoerania  gigas  (Linnaeus)  (Foucher, 
1916b).  One  of  us  (Willig)  maintained  20  adult  L.  portoricensis  for  50  days  before 
concluding  a  feeding  experiment.  As  such,  the  use  of  mark-recapture  data  for  the 
calculation  of  average  life  span  (</>i)  of  L.  portoricensis  would  be  biased,  yielding  reduced 
rates  of  survivorship. 


Results 

One  hundred  twenty-four  and  122  walking  sticks  were  marked  during 
Phases  I  and  II,  respectively  (Table  1).  Recapture  statistics  were  similar 
in  both  phases:  56  percent  of  the  marked  individuals  were  recaptured 
during  Phase  I,  and  53  percent  of  the  marked  individuals  were  recaptured 
during  Phase  II.  In  both  phases,  the  majority  of  the  captured  individuals 
were  nymphs  (Table  1,  Fig.  1);  adult  females  were  the  least  abundant 
component  of  the  population.  The  number  of  recaptures  per  individual 
in  adults  ranged  from  zero  for  Phase  II  females  to  a  high  of  2.67  for 
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Figure  1.  Bar  histogram  indicating  the  size  distribution  of  marked  L.  portoricensis 
population  during  Phase  I  and  Phase  II  studies.  Number  above  and  below  each 
histogram  bar  indicates  sample  size.  Two  individuals  are  not  included  in  Phase  I  and 
Phase  II  because  they  were  not  measured.  Cumulative  percent  of  total  population  less 
than  or  equal  to  a  particular  size  category  is  indicated  by  the  superimposed  graph. 
Length  (mm)  categories  indicate  0.0-10.0  mm,  10.1-20.0  mm,  and  so  on. 
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females  in  Phase  I.  Recapture  data  for  nymphs  were  similar  in  both 
phases. 

Population  Structure 

The  size  distribution  of  individuals  was  significantly  different  during 
Phases  I  and  II  (Fig.  1,  Contingency  Chi-Sqaure  Test:  X2  =  17.29,  df  = 
7,  0.025  >  P  >  0.01).  This  difference  was  attributable  to  a  higher 
proportion  of  short  individuals  (10.1-30.0  mm)  in  Phase  II  and  a  higher 
proportion  of  long  individuals  (30.1-110.0  mm)  in  Phase  I.  Between  5  and 
16  July,  a  new  cohort  of  hatchlings  may  have  contributed  to  the  smaller 
length  categories  in  Phase  II.  Individuals  shorter  than  10.0  mm  were  not 
observed  in  either  phase;  these  walking  sticks  were  probably 
inconspicuous  and  /  or  occurred  in  an  unsampled  microhabitat  (that  is, 
beneath  the  leaf  litter). 

Mark-recapture  studies  inherently  assume  that  marking  does  not  alter 
an  animal’s  behavior  or  recapturability^  relative  to  unmarked  specimens. 
Coefficients  of  dispersion  (CD  =  S2/Y)  for  Phase  I  (CD  =  2.21)  and 
Phase  II  (CD  ==  6.64)  were  greater  than  one,  indicating  a  contagious 
(aggregated)  distribution — that  is,  compared  to  a  stochastic  distribution 
of  recaptures  (CD  =  1.00),  more  marked  individuals  than  expected  were 
never  recaptured,  and  more  marked  specimens  than  expected  were 
recaptured  numerous  times  (>  5).  The  distribution  of  recaptures  among 
the  marked  population  was  compared  to  the  binomial  distribution  in 
order  to  ascertain  if  the  individuals  in  each  phase  exhibit  equal 
catchability;  the  differences  were  highly  significant  in  both  phases  (x2  test: 
Phase  I— X2  =  79.78,  df  =  3,  P  <0.001;  Phase  II— X2  =  182.77,  df  = 
4,  P  <0.001).  Such  unequal  catchability  may  be  attributed  to:  1)  different 
behavior  in  individual  walking  sticks  (some  may  be  inherent  dispersers 
whereas  others  are  residents);  2)  a  differential  marking  effect;  or  3)  a  loss 
of  marks  after  molting.  Although  marked  and  unmarked  individuals 
enjoyed  equal  survivorship  in  the  laboratory,  all  three  factors  probably 
contributed  to  the  observed  non-aleatory  recapture  phenomenon. 

Movements  and  Microhabitat 

In  order  to  use  the  appropriate  statistical  test  to  detect  mean 
differences  between  Phases  I  and  II  for  T  (days),  D  (meters),  V  (meters 
per  day)  and  Rmax  (meters),  we  used  the  Fmax  test  (Sokal  and  Rohlf,  1981) 
to  evaluate  the  homogeneity  of  variances  in  Phases  I  and  II  for  each 
parameter.  Mean  comparisons  for  parameters  with  homoscedastic 
variances  were  evaluated  via  a  Student’s  t-test  and  those  parameters  with 
heteroscedastic  variances  were  analyzed  with  a  Behrens-Fisher  t-test 
(Snedecor  and  Cochran,  1967).  Significant  differences  did  not  exist 
between  Phases  I  and  II  for  any  movement  parameter.  Walking  sticks 
were  generally  philopatric,  moving  an  average  of  only  .55  meters  per  day. 
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Table  2.  Population  movement  parameters  and  Morisita’s  index  of  dispersion  (16)  for  L. 
portorieensis  during  Phases  I  and  II  of  the  mark-recapture  study.  The  equality  of 
variances  for  each  movement  parameter  was  evaluated  by  an  Fmax  test  (Sokal  and  Rohlf, 
1981).  Mean  comparisons  for  parameters  with  equal  variances  were  evaluated  with  a 
Student’s  t-test;  mean  comparisons  involving  heteroscedastic  variances  were  analyzed  via 
a  Behrens-Fisher  t-test  (Snedecor  and  Cochran,  1967).  Symbols  defined  in  text. 


Phase  I 

Phase  II 

Significance 

Mean 

SE 

Mean 

SE 

Means 

Variances 

T  (days) 

6.32 

.55 

6.75 

.60 

NS 

NS 

D  (m) 

2.88 

.42 

2.42 

.32 

NS 

NS 

V  (m  /  day) 

.55 

.08 

.55 

.12 

NS 

** 

R  (m) 

3.03 

.57 

1.67 

.41 

NS 

* 

Sample  size1 

63 

63 

65 

65 

16 

2.41* 

6.93** 

q 

100 

100 

'Sample  size  for  Rmax  was  restricted  to  individuals  with  at  least  five  captures  (16  individuals 
in  Phase  I,  18  individuals  in  Phase  II). 

*0.05  >  P>  0.01 
**0.01  >  P>  0.001 

One  16-mm  individual  moved  6.02  meters  in  two  days  during  Phase  II, 
but  most  specimens  moved  shorter  distances.  A  25-mm  nymph  was 
observed  on  the  same  leaf  of  a  Piper  treleaseanum  plant  on  12 
consecutive  capture  nights. 

Microhabitat  utilization  was  obtained  by  identifying  the  substrate  upon 
which  individual  walking  sticks  were  found  foraging  during  the  mark- 
release  study.  Specimens  were  exclusively  captured  on  the  understory 
vegetation  and  rarely  exceeded  heights  of  1.3  meters;  of  the  618  captures, 
most  individuals  (87  percent)  were  obtained  on  R  treleaseanum  (62 
percent),  D.  arboreus  (12  percent),  P  hispidum  (nine  percent),  and  U. 
baccifera  (four  percent);  the  remaining  13  percent  of  captures  were  on 
Ruellia  coccinea,  Panicum  adspersum,  Hippocratea  volubillus,  Inga  vera, 
Palicourea  barbineria,  and  Prestoea  montana.  Most  specimens  were 
obtained  from  leaves  or  petioles,  although  specimens  occasionally  were 
obtained  from  stems  or  the  surface  litter. 

Dispersion 

As  expected,  the  spatial  distribution  of  captures  was  significantly 
aggregated  in  both  phases  (Table  2),  with  Phase  II  sample  data  being 
more  aggregated  than  the  sample  data  from  Phase  I.  The  contagious 
distribution  of  these  insects  is  probably  due,  in  part,  to  the  distribution 
of  forage  plants  on  the  grid,  which  also  appears  to  be  clumped.  Causes 
of  the  difference  in  dispersion  between  phases  are  more  difficult  to 
identify  although  microclimatic  changes  associated  with  daily 
precipitation  and  the  change  in  age  composition  are  likely  factors. 
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Population  Size 

Demographic  data  for  Phase  I  and  Phase  II  are  shown  in  Tables  3  and 
4  respectively.  The  otx  values  of  Jolly  generally  exceeded  50  percent  by  the 
fourth  sampling  period  and  attained  a  maximum  of  94  percent  on  29 
June.  Daily  residency  rates  determined  by  either  the  Jolly  or  Manly-Parr 
methods  fluctuated  greatly  during  both  phases.  Many  values  were  greater 
than  1  and  are  biologically  meaningless.  Daily  estimates  of  population 
size  (N  ±  1.96  SE)  using  the  Bailey,  Jolly,  and  Manly-Parr  methods  are 
in  close  agreement  for  both  phases  (Figs.  2  and  3).  Compared  to  the  Jolly 
method,  the  Manly-Parr  method  usually  yielded  slightly  lower  mean 
population  size  estimates.  The  majority  of  the  daily  population  estimates 
were  between  40  and  100  individuals  (Figs.  2  and  3).  Higher  daily 
estimates  (for  example,  30  June,  16  July)  had  greater  standard  errors. 
Despite  the  shift  in  individual  size  distribution  between  phases  (Fig.  1), 
the  daily  population  estimates  remained  similar  in  both  sampling  periods. 

Given  the  variation  of  daily  population  estimates,  all  three  methods 
yielded  similar  mean  results.  Mean  phase  I  population  density  estimates 
from  the  Bailey,  Manly-Parr,  and  Jolly  methods  were  35.2  (S  =  18.2), 
55.9  (S  =  16.4),  and  64.6  (S  =  24.4)  respectively.  Mean  phase  II  estimates 
of  population  density  were  56.5  (S  =  40.5),  56.5  (S  =  28.0),  and  63.3  (S 
=  35.0)  for  the  Bailey,  Manly-Parr,  and  Jolly  techniques  respectively. 

Predators 

We  did  not  observe  predatory  encounters  involving  L.  portoricensis’, 
however,  four  ceratopogonids  (Diptera)  were  feeding  on  a  single  80  mm 
female  on  24  June.  Walking  sticks  were  occasionally  consumed  by  frogs 
(Eleutherodactylus  coqui )  and  lizards  ( Anolis  cuvieri,  A.  evermanni ) 
based  on  stomach  content  analysis  of  those  vertebrates. 

Discussion 

Lamponius  portoricensis  appears  to  be  an  important  component  of  the 
Tabonuco  forest  ecosystem  because  of  its  association  with  light-gap 
formations.  The  importance  of  light  gaps  to  floral  succession  and 
resilience  in  climatic  climax  forests  has  been  stressed  by  many  authors 
(Watt,  1947;  Bray,  1956;  Schulz,  1960;  Taylor,  1962;  Trimble  and  Tyron, 
1966;  Loucks,  1970;  Mabberley,  1983;  Wales,  1972;  Whitmore,  1975, 
1978;  Hartshorn,  1978;  Denslow,  1980;  Wallace  and  Dunn,  1980),  yet 
little  attention  has  been  focused  on  light-gap  fauna.  With  the  possible 
exception  of  certain  gastropods  (for  example,  Caricola ),  L.  portoricensis 
appears  to  be  a  dominant  light-gap  herbivore  based  upon  local 
population  density  and  the  size  of  the  constituent  individuals.  It  is  not 
uncommon  to  see  entire  forage  plants  denuded  as  a  result  of  the  activities 
of  L.  portoricensis.  One  preferred  food,  Urera  baccifera ,  acts  as  an 
effective  nutrient  sink  for  a  variety  of  elements  including  P,  Mn+++,  K+, 


Table  3.  Population  parameters  estimated  from  multiple  recapture  data  for  L.  portoricensis  during  Phase  I:  m  =  proportion  of  marked  individuals; 
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Figure  2.  Population  (NJ  estimates  of  L.  portoricensis  during  Phase  I  study. 


Ca++,  and  Mg++.  These  nutrients  are  released  in  frass  and  could  be 
important  regulatory  agents  in  succession.  By  decreasing  the  net 
production  of  early  successional  shrubs  via  consumption  and  increasing 
the  availability  of  nutrients  to  later  successional  trees  via  defecation,  L. 
portoricensis  may  assume  an  ecological  importance  in  the  forest  greater 
than  that  predicted  by  its  restricted  distribution  and  overall  abundance. 
This  is  critical,  because  early  successional  plants  effectively  and  quickly 
immobilize  nutrients  in  light-gap  situations  in  tropical  forests  (Tukey, 
1970). 

The  demographic  attributes  of  L.  portoricensis  seem  particularly 
adaptive  to  its  existence  in  small  isolated  ephemeral  habitats  that  are 
randomly  dispersed  spatially.  Individual  stick  insects  are  usually 
philopatric  and  move  less  than  0.5  meters  per  day;  this  is  to  be  expected 
for  a  nonvolant  phytophagous  insect.  Almost  all  individuals  were 
captured  on  the  verdant  vegetation  that  composed  the  diet  of  this  species. 
However,  some  specimens  (larger  individuals)  could  disperse  up  to  three 
meters  per  day,  and  low  recapture  rates  also  may  indicate  migration  out 
of  the  study  area.  The  low  velocities  for  this  species  suggest  an  interesting 
dispersal-reproductive  strategy,  which  is  consistent  with  our  observations 
of  the  ecology  of  L.  portoricensis.  The  majority  of  recaptures  on  the  grid 
were  nymphs,  and  we  suggest  that  these  forms  generally  remain  within 
a  short  distance  of  the  location  of  hatching.  On  the  other  hand,  many 
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Figure  3.  Population  (NJ  estimates  of  L.  portoricensis  during  Phase  II  study. 

adults  that  were  marked  were  never  recaptured  (Table  1),  and  we  believe 
that  dispersal  to  new  light  gaps  primarily  occurs  during  this  stage.  The 
abundances  of  preferred  foods  for  L.  portoricensis  are  ephemeral  in  light- 
gap  situations.  The  probability  of  resource  depletion  in  such  areas  would 
be  relatively  high  for  this  long-lived  insect.  It  would  therefore  be 
advantageous  for  dispersal  to  occur  in  the  adult  stage  when  mobility  is 
greatest,  before  resource  abundance  becomes  low.  This  effectively 
minimizes  competitive  interactions  among  related  individuals  and  reduces 
the  probability  of  inbreeding  within  local  populations  as  well. 

Population  trends  of  L.  portoricensis  are  similar  in  Phases  I  and  II 
despite  the  significant  difference  in  the  size  (=  age)  structure  of  the 
population.  The  data  suggest  the  addition  of  a  cohort  of  individuals  into 
the  10.1  to  20  mm  size  class  at  the  beginning  of  Phase  II  and  a 
corresponding  increase  of  adults.  The  more  mesic  characteristics  of  Phase 
II  apparently  did  not  cause  a  significant  increase  in  population  density. 
The  determination  of  survival  rates  for  L.  portoricensis  remains 
enigmatic.  Most  phasmatids  have  the  ability  to  live  for  long  periods 
(Bedford,  1978),  but  given  the  high  egg  production  of  many  species,  it 
is  probable  that  few  specimens  ever  reach  maturity.  The  survival  rate  for 
nymphs  is  difficult  to  assess  because  there  was  no  way  to  permanently 
mark  individuals  that  would  persist  from  molt  to  molt.  In  addition,  L. 
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portoricensis  appears  to  breed  year-round;  hence,  mixed  age  classes 
appear  in  the  population  at  all  times.  Although  stick  insects  derive 
protection  from  a  complex  of  chemical,  behavioral  and  morphological 
attributes,  data  on  vertebrate  foraging  ecology  in  the  Tabonuco  forest 
suggest  that  L.  portoricensis  is  preyed  upon  by  frogs  and  lizards  (Reagan 
et  al.,  1982;  Garrison,  personal  observation).  These  predators  may 
respond  functionally  to  increased  stick  insect  availability  in  light-gap 
zones,  and  we  will  be  investigating  these  possibilities  in  future  research. 
Parasitic  infections  by  various  species  of  biting  flies  have  been  reported 
for  several  neotropical  phasmatids  (Wirth,  1971);  however,  the  realized 
detriment  to  the  host  has  not  been  quantified.  Thus,  the  low  recapture 
rates  evidenced  by  our  data  could  reflect  high  mortality,  which  would 
considerably  reduce  the  average  life  span  of  L.  portoricensis  in 
comparison  with  projections  for  other  stick  insects. 

Clearly,  many  questions  concerning  the  demography  of  L.  portoricensis 
remain  unanswered.  Future  research  should  concentrate  on  the  stability 
of  light-gap  faunas  in  time  as  well  as  the  magnitude  of  insect  dispersal 
between  such  habitats.  Perturbation  studies  documenting  the  relation 
between  insect  density  and  the  presence  of  specific  forage  species  would 
significantly  contribute  to  understanding  the  dynamic  aspects  of  phase- 
gap  succession  in  forest  ecosystems. 
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VARIABLES  TO  BE  CONSIDERED  IN  KEROGEN  MICROSCOPY 
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Abstract. — Studies  were  conducted  on  selected  samples  with  reliable  age  and 
environmental  associations  to  determine  the  result  of  various  chemical  procedures  in 
kerogen  interpretations.  Among  factors  considered  were  the  quantitative  recovery  of 
amorphous  kerogen  and  the  stability  of  the  Thermal  Alteration  Index.  Key  words :  kerogen; 
Thermal  Alteration  Index  (TAI);  amorphous;  source  rock. 

One  of  the  major  advances  in  petroleum  exploration  in  recent  years 
has  involved  geochemistry,  and  a  major  aspect  concerns  the  organic 
maturation  of  kerogen  in  source  rocks.  Principal  impetus  probably  has 
been  due  to  the  contributions  of  Staplin  (1969)  and  Burgess  (1974). 
Staplin  established  a  correlation  between  thermally  altered  palynomorphs 
and  hydrocarbon  occurrences,  and  today  his  method  remains  the  basic 
standard  for  measuring  the  thermal  alteration  of  kerogen  (TAI).  Burgess 
related  the  color  of  dispersed  organic  matter  to  the  past  thermal  history 
of  rocks.  His  other  major  contribution  was  relating  the  quantity  of 
amorphous  organic  matter  in  a  rock  with  its  source  rock  potential. 
Consequently,  Staplin  (1969)  and  Burgess  (1974)  provided  a  method  for 
nontechnical  personnel  to  gather  significant  data,  fairly  accurately,  for 
use  in  assessing  hydrocarbon  potential. 

Brooks  (1981)  ably  reviewed  the  subject  and  defined  kerogen  as  the 
disseminated  organic  matter  of  rocks  that  is  insoluble  in  nonoxidizing 
mineral  acids,  bases,  and  organic  solvents.  The  techniques  initiated  by 
Staplin  (1969)  and  Burgess  (1974)  are  essentially  simple.  Initially  rock 
samples  are  treated  much  as  in  standard  palynological  studies,  where 
most  researchers  digest  the  rocks  in  hydrochloric  and  hydrofluoric  acids. 
The  microscopy  is  so  simple,  based  upon  light  transmission  and  color 
interpretations  from  prepared  standards,  as  to  permit  short-term  training 
of  technicians  to  carry  out  the  actual  microscopy.  The  significant  data 
obtained  with  apparent  ease  and  minimal  training  has  tended  to  make 
kerogen  microscopy  somewhat  of  a  “band  wagon,”  as  so  often  happens 
with  a  new  method  where  specialists  tend  to  gravitate  from  associated 
fields  until  planned  training  programs  are  established.  Source  rock 
interpretations  are  filled  with  inaccuracies  due  to  the  very  nature  of  the 
organic  material  isolated.  Most  of  it  is  of  plant  origin  and  interpretations 
should  be  botanically  based.  However,  the  trend  in  kerogen  studies  has 
been  geological  in  character,  mostly  due  to  the  petroleum  related  aspects 
of  its  application.  Most  investigators  possess  minimal  botanical  training 
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and  display  little  sensitivity  for  the  role  of  botany  in  interpretation.  This 
problem  and  the  importance  of  plant  anatomy  has  been  recognized  and 
discussed  by  Masran  and  Pocock  (1981). 

Kerogen  Procedures 

A  terminal  procedure  in  palynology  involves  the  use  of  a  heavy  liquid 
to  separate  palynomorphs  from  organic  debris.  There  are  varying 
opinions  among  investigators  regarding  the  effect  of  such  heavy  liquid 
separations  in  kerogen  studies,  but  most  appear  cautious  with  regard  to 
the  use  and  seem  to  have  some  reservations.  However,  there  is  no 
unanimity  of  opinion,  and  laboratories  exist  in  which  heavy  liquid 
techniques  are  utilized  in  visual  kerogen  estimates,  whereas  other  workers 
avoid  flotation  techniques  entirely.  Some  differences  of  opinion  still  exist 
as  to  whether  palynological  samples  may  be  used  in  visual  kerogen 
analysis  or  simply  to  follow  an  acid  digestion  procedure.  There  seems  to 
be  a  preference  in  each  laboratory.  Powell  et  al.  (1982)  noted  the  lack 
of  a  standarized  preparation  procedure  and  the  possibility  of  losing 
organic  matter  with  interpretative  utility  when  using  heavy  liquids.  In 
their  comparison  of  transmitted  light  microscopy  with  chemical  data, 
they  did  not  use  a  heavy  liquid  separation.  Dancey  et  al.  (1982)  indicated 
that  a  heavy  liquid  separation  was  used  in  both  nonchemical  and 
chemical  methods  they  employed  in  extraction  of  organic  material. 
However,  they  did  appear  to  be  aware  of  the  possibility  of  loss  of 
particulate  matter,  and  especially  in  their  chemical  separation  technique 
emphasized  the  probability  of  losing  material  if  care  is  not  observed. 
Dow  and  O’Connor  (1982)  generally  avoided  a  heavy  liquid  flotation  in 
kerogen  preparation.  Masran  and  Pocock  (1981)  used  it.  There  do  appear 
to  be  differences  of  opinion  as  to  whether  flotation  affects  the  amount 
of  amorphous  recovered,  whether  it  produces  chemical  reactions 
sufficient  to  affect  the  TAI  results,  and  whether  it  is  a  significant  factor 
in  palynomorph  recovery  for  environmental  and  stratigraphic 
interpretations. 

Techniques  aside,  there  is  agreement  that  the  recovery  of  amorphous 
organic  matter  is  probably  of  greatest  concern  in  visual  kerogen 
interpretation,  and  its  retention  is  of  primary  importance.  In  routing  acid 
digestion  and  microscopic  examination  of  kerogen  concentrates,  we  have 
noted  some  information  spin-off  that  may  assist  in  processing  and 
interpreting  the  amorphous  fraction  (Table  1). 

Masran  and  Pocock  (1981)  pointed  out  that  amorphous  organic 
material  may  be  either  marine  or  terrestrial,  and  Pocock  (1982)  provided 
some  guidelines  for  the  visual  separation  of  marine  and  terrestrial 
material  based  upon  color  and  texture.  In  our  work,  we  have  observed 
that  some  routine  chemical  treatments  may  affect  the  quantitative 
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Table  1.  Type  of  chemical  treatment  of  kerogen  samples  with  percentage  of  recovery  and 
Thermal  Alteration  Index  (TAI). 


Sample 

Percent 

amorphous 

kerogen 

Percent 

structured 

kerogen 

TAI 

Environment 
and  age 

Kanguk  5089 

Acid,  without 
separation 

82 

18 

3.2 

Kanguk  5089 

ZnCl  separation 

83 

17 

3.2 

Late  Cretaceous 

Kanguk  5196 

Acid,  without 
separation 

70 

30 

3.2 

Marine 

Kanguk  5196 

ZnCl  separation 

71 

29 

3.2 

Unark  12,474-78 

Acid,  without 
separation 

34 

66 

2.5 

Early  Tertiary 
(Paleogene) 

Fresh 

Unark  12,474-78 

ZnCl  separation 

100 

2.5 

water 

Sorenson  5400-50 
Acid,  without 
separation 

41 

59 

3.2 

Late  Pennsylvanian 
(Missourian,  Canyonian) 
Brackish 

Sorenson  5400-50 
ZnCl  separation 

100 

5.0 

water 

recovery  and  also  may  produce  varying  results,  depending  on  whether 
marine  or  terrestrial  samples  are  used. 

There  has  been  abundant  conjecture  regarding  various  chemical  effects 
during  kerogen  processing,  but  there  is  little  empirical  documentation  to 
evaluate.  It  is  even  difficult  at  times  to  determine  what  type  of  kerogen 
is  indicated  because  amorphous  organic  remains  do  differ.  Tissot  and 
Welte  (1978)  differentiated  between  Liptinitic  and  Humic  amorphousness, 
seemingly  without  regard  to  their  environmental  origins.  However, 
Masran  and  Pocock  (1981)  suggested  that  the  environment  is  important 
in  kerogen  origins,  and  Pocock  (1982)  provided  criteria  for  distinguishing 
marine  and  terrestrial  kerogen,  although  he  noted  that  such  separation 
of  amorphous  material  is  difficult.  More  recently,  Tissot  (1984)  reviewed 
the  four  kerogen  types  based  on  Van  Krevelen’s  diagram.  Though  not 
strictly  concerning  amorphous  material,  these  divisions  were  based  in 
large  part  upon  differing  environments.  Powell  et  al.  (1982)  also 
recognized  that  amorphous  organic  matter  may  be  either  marine  or 
terrestrial,  but  they  were  unable  to  identify  consistently  the  origin  of  the 
concentrate  by  means  of  the  light  microscope. 

The  differentiation  between  amorphous  material  of  marine  and 
terrestrial  origin  still  remains  difficult,  although  as  noted,  Pocock  (1982) 
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had  some  success  using  color  and  texture.  However,  using  Pocock’s 
criteria  we  encountered  some  areas  of  difficulty,  especially  in  interpreting 
the  Unark  sample  (Table  1).  This  sample  was  69  percent  yellow  in  color, 
which  Pocock  characterized  as  usually  marine,  whereas  we  considered  the 
sample  to  be  from  a  fresh  water  swamp.  Therefore,  on  the  basis  of  color 
and  texture,  we  also  encountered  difficulty  in  identifying  the 
environment.  Seemingly,  the  best  method  for  identifying  environments 
involves  a  palynological  analysis.  These  samples  all  were  suited  for 
diagnosis  in  having  good  microfloras,  but  admittedly  sterile  samples  and 
samples  with  ill-defined  assemblages  occur.  Here,  again,  a  possible 
trouble  area  in  technique  may  exist.  The  environmental  determination  is 
relatively  easy  for  the  skilled  palynologist,  but  some  workers  practice 
processing  economy  by  using  the  kerogen  macerate  for  the  palynology 
diagnosis,  rather  than  carrying  the  process  to  completion  and  isolating 
the  palynomorphs  with  heavy  liquids.  The  reliability  of  this  practice  also 
is  questionable. 


Sample  Preparation  and  Documentation 

Preparation  involved  digestion  in  hydrochloric  acid  followed  by 
hydrofluoric  acid.  The  kerogen  fraction  was  mounted  on  permanent  glass 
mounts,  using  Okol  and  balsam  media.  Heavy  liquid  separation,  when 
used,  utilized  zinc  chloride  at  1.68  specific  gravity.  Palynological 
treatment  varied  with  sample  but  generally  consisted  of  treatment  in 
Schulze’s  Solution  after  the  acid  digestion,  followed  by  hydroxide.  Again, 
zinc  chloride  of  1.68  specific  gravity  provided  separation  of 
palynomorphs  and  slides  were  prepared  with  Okol  and  balsam. 

Documented  samples  of  specific  environments  were  used  in  this  study 
(Table  1).  Samples  5089  and  5196  were  marine  samples  from  seismic  shot 
holes  in  the  Kanguk  Formation,  late  Cretaceous,  Lougheed  Island, 
Canadian  Arctic  Archipelago.  Both  contained  an  abundant,  excellently 
preserved,  marine  microplankton  population,  and  were  treated  by  Felix 
and  Burbridge  (1976).  The  Unark  sample  (Table  1)  represents  a  fresh 
water  core  sample  in  the  interval  12,474-12,478  feet  from  the  BVX  et  al. 
Unark  L-24  well,  Mackenzie  Delta,  Canada.  The  age  is  Paleogene,  early 
Tertiary.  The  Sorenson  sample  (Table  1)  consists  of  well  cuttings  from 
a  brackish  environment  in  the  interval  5400-5450  feet  from  the  no.  1 
Sorenson  well,  Hardeman  County,  Texas.  The  age  is  late  Pennsylvanian 
(Missourian  Series,  Canyon  Stage). 

Sample  Geology  and  Environment 

The  Kanguk  Formation  is  a  widespread  unit  in  the  Sverdrup  Basin  of 
the  Arctic  Archipelago,  and  it  is  the  youngest  marine  Mesozoic  formation 
in  the  Archipelago.  Microplankton  assemblages  are  extremely  abundant 
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and  well  preserved,  and  the  marine  character  of  the  Kanguk  is  based  on 
dinoflagellate  occurrences.  In  sample  5089,  marine  microplankton 
represented  78  percent  of  the  sample;  22  percent  were  pteridophyte  spores 
and  gymnosperm  pollen.  The  dominant  cysts  were  Chatangiella 
granulifera  (Manum)  Lentin  and  Williams,  1976,  and  Alterbia  acuminata 
(Cookson  and  Eisenack)  Lentin  and  Williams,  1976,  comprising  24 
percent  of  the  total  population.  Sample  5196  contained  58  percent  marine 
microplankton  but  pollen  was  mostly  of  gymnosperm  origin  and 
transported  from  outside  the  depositional  area.  The  same  cysts  were 
again  dominant,  with  Chatangiella  and  Alterbia  making  up  23  percent  of 
the  total  population. 

The  Unark  sample  is  early  Tertiary  and  lies  below  the  Wetzeliella 
hampdenensis  zone  in  the  L-24  well;  this  zone  has  been  picked  at  12,350- 
12,355  feet  in  the  well.  The  interval  of  12,474-12,478  feet  used  in  this 
paper  most  likely  represents  the  T-l  or  T-2A  zones  described  by  Staplin 
(1976)  for  the  Mackenzie  Delta  region.  Therefore,  a  Paleogene  age  is 
most  probable.  The  dominant  palynomorph  in  the  sample  is  Azolla ,  a 
small,  aquatic,  heterosporous  fern.  It  is  regarded  as  an  excellent  indicator 
of  shallow,  freshwater  lake  environments;  Hall  and  Swanson  (1968) 
surveyed  the  stratigraphic  range  of  the  genus.  No  attempt  was  made  here 
to  define  species,  but  Azolla  was  abundant  in  the  sample,  represented 
mostly  by  isolated  massulae  and  hooked  glochidia.  The  Sorenson  sample 
from  the  Missouri  Series  of  the  late  Pennsylvanian  is  considered  to 
represent  a  brackish  swamp  environment.  The  microflora  consists  of 
terrestrial  spores  and  fungal  remains;  marine  entities  were  absent.  The 
dominant  spore  genera  were  Florinites,  Potonieisporites,  Nuskoisporites, 
Cirratriradites,  and  Cadiospora.  These  identify  the  typical  coal-forming 
swamp  environment  of  the  Pennslyvanian. 

Kerogen  Color  Stability 

During  the  course  of  processing  the  various  samples,  attention  was 
given  to  possible  color  changes  related  to  use  of  the  flotation  chemicals 
inasmuch  as  varying  opinions  seem  to  exist  regarding  the  effect  of  heavy 
liquid  separation.  Particular  care  was  made  to  recover  the  amorphous 
fraction  and  evaluate  its  color.  The  Kanguk  amorphous  material 
displayed  a  slight  increase  in  darkness,  but  not  sufficient  to  change  the 
TAI.  The  zinc  chloride  had  no  effect  on  the  amorphous  portion  of  the 
Unark,  but  a  marked  color  change  occurred  in  the  Sorenson  sample  after 
zinc  chloride  treatment  (Table  1). 

Although  the  zinc  chloride  had  an  oxidative  effect  in  the  Sorenson  and 
caused  a  decided  color  change  and  variation  in  TAI,  it  is  not  certain  at 
this  point  what  caused  this  change.  The  Sorenson  sample  had  a  granular, 
amorphous  texture  as  contrasted  to  the  somewhat  fluffy  nature  of  the 
marine  sample.  These  textures  compare  with  Pocock’s  criteria  but  may 


144 


THE  TEXAS  JOURNAL  OF  SCIENCE — VOL.  38,  NO.  2,  1986 


also  react  differently  to  the  chemical  effect  of  zinc  chloride.  The  Sorenson 
is  also  more  comparable  to  the  Humic  amorphous  of  Tissot  and  Welte 
(1978),  rather  than  the  Liptinitic  amorphous  type.  The  Sorenson  also  fits 
the  Type  III  kerogen  of  Tissot  (1984),  and  so  it  may  be  a  case  of 
transported  plant  matter  reacting  to  flotation  chemicals.  In  addition,  the 
Pennsylvanian  age  may  be  a  factor,  and  the  possibility  of  greater 
diagenesis  in  the  older  Sorenson  than  in  the  younger  Kanguk  and  Unark 
samples.  Therefore  it  is  uncertain  whether  the  key  factor  in  the  TAI 
change  was  plant  structure,  environment,  or  age  of  sediments. 

The  marine  and  freshwater  swamp  samples  compared  best,  whereas  the 
brackish  water  swamp  material  was  most  affected.  Although  no  definitive 
pattern  was  detectable,  the  depositional  environment  does  not  appear  to 
be  the  most  significant  factor  and  it  may  well  be  a  combination  of  age, 
recycle,  and  plant  constituents.  This  study  is  not  a  definitive  one,  but  it 
does  suggest  that  extreme  care  should  be  used  in  separation  techniques. 
Although  the  effect  of  the  separation  procedure  may  not  seem  especially 
significant  where  the  TAI  was  not  affected,  as  in  the  Kanguk  and  Unark 
samples,  there  still  remains  the  hazard  of  eliminating  amorphous  matter, 
which  did  occur  in  the  Unark  sample.  In  view  of  the  importance  of  the 
amorphous  fraction  in  interpretations,  this  is  a  critical  feature  and  the 
wisest  choice  would  seem  to  be  a  processing  routine  aimed  specifically  at 
an  initial  recovery  of  the  entire  kerogen  residue.  If  environmental 
interpretations  are  desired,  then  the  sample  may  continue  through  the 
chemical  cycle  for  palynomorph  recovery.  There  seems  to  be  little  merit 
in  attempting  to  have  one  procedure  accommodate  all  interpretive  needs 
at  the  risk  of  inaccurate  results. 


Summary 

1.  In  predominantly  marine  Cretaceous  material,  separation  techniques 
did  not  affect  the  amount  of  amorphous  matter  recovered. 

2.  In  predominantly  fresh  water  Paleogene  material,  separation 
techniques  removed  all  of  the  amorphous  matter  recovered  in  kerogen 
processing. 

3.  In  predominantly  brackish  swamp  late  Pennsylvanian  material, 
separation  techniques  removed  most  of  the  amorphous  material. 

4.  In  the  predominantly  marine  Cretaceous  material,  the  zinc  chloride 
separation  technique  resulted  in  a  slight  darkening  of  the  amorphous 
fraction,  but  not  sufficiently  to  change  the  TAI  in  interpretations. 

5.  In  predominantly  fresh  water  Paleogene  material,  the  zinc  chloride 
separation  technique  had  no  visible  effect  on  the  amorphous  fraction  and 
did  not  change  the  TAI.  Care  was  taken  to  retain  the  amorphous  portion 
that  was  floated  off. 
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6.  In  predominantly  brackish  swamp  late  Pennsylvanian  material,  the 
zinc  chloride  separation  technique  caused  a  marked  color  change  of  the 
separated  fraction,  resulting  in  a  chemical  oxidation. 
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CHARACTERIZATION  OF  SEASONAL  PELAGE  EXTREMES 
IN  SPERMOPHILUS  MEXICANUS  (RODE1STIA:  SCIURIDAE) 


Frederick  B.  Stangl,  Jr.,  John  V.  Grimes,  and  Jim  R.  Goetze 

Department  of  Biology,  Midwestern  State  University,  Wichita  Falls,  Texas  76308 

Abstract. — Some  aspects  of  seasonal  pelage  variation  in  the  Mexican  ground  squirrel, 
Spermophilus  mexicanus ,  were  assessed  with  the  use  of  a  scanning  electron  microscope. 
Two  distinct  hair  classes  were  recognized.  Guard  hairs  are  stout,  dorsoventrally  compressed, 
possess  dorsal  troughs,  and  are  singly  and  evenly  distributed.  Wool  hairs  are  relatively 
slender,  oval  to  circular  in  cross-section,  and  are  gathered  in  close  association  with  guard 
hairs.  Seasonal  pelage  extremes  include  elongation  of  guard  hairs  and  proliferation  and 
elongation  of  wool  hairs  in  the  cold-weather  pelage.  Troughs  of  guard  hairs  in  S.  mexicanus 
may  serve  primarily  to  furnish  maximum  structural  support  for  all  or  part  of  the  hair  shaft. 
Elongation  of  cold-weather  guard  hairs  allows  sufficient  space  for  the  proliferation  of 
underfur.  Key  words :  seasonal  pelage;  hair  structure;  Spermophilus. 

The  Mexican  ground  squirrel,  Spermophilus  mexicanus ,  is  a  small 
sciurid  occurring  in  arid  grasslands  of  western  Texas  and  adjoining  areas 
of  New  Mexico  and  Mexico  (Hall,  1981).  Although  there  is  some 
question  as  to  whether  this  species  hibernates  during  the  winter  months 
across  all  or  parts  of  its  range,  cold  weather  appears  to  curtail  its  above¬ 
ground  activities  (for  review  see  Young  and  Jones,  1982). 

As  an  adaptive  response  to  seasonal  temperature  extremes,  many 
mammals  exhibit  seasonal  pelage  changes.  Two  distinct  pelages 
coinciding  with  cold  and  warm  seasons  have  been  noted  in  Spermophilus 
mexicanus ,  although  the  timing  and  pattern  of  replacement  of  one  pelage 
by  the  other  (molt)  has  not  been  studied  (Young  and  Jones,  1982). 
Characterization  of  the  hair  morphology  of  the  two  distinct  pelages,  and 
some  functional  aspects  of  hair  structure  and  pelage  variation  in  this 
species  are  discussed  here. 

Methods  and  Materials 

Thirty-four  specimens  of  Spermophilus  mexicanus  from  10  counties  of  Texas  in 
Midwestern  State  University’s  Collection  of  Recent  Mammals  were  examined  to  find 
representative  pelage  extremes.  Criteria  for  selection  of  two  specimens  representing  pelage 
extremes  were  relative  length  of  guard  hairs  and  abundance  of  underlying  wool  hairs.  This 
was  readily  determined  by  brushing  a  finger  along  the  rump  and  dorsal  midline  against  the 
inclination  of  the  hairs.  An  adult  female  (MWSU  9482),  obtained  on  17  July  1972,  from 
5  mi.  NW  Comstock,  Val  Verde  Co.,  Texas,  was  selected  as  representative  of  warm-weather 
pelage.  An  adult  male  (MWSU  6003),  taken  on  12  April  1968,  from  1  mi.  S  Seymour, 
Baylor  Co.,  Texas,  typified  the  opposite  or  cold-weather  condition. 

Ten  guard  hairs  were  carefully  plucked  by  hand  from  the  mid-lateral  line  of  the  left  flank, 
at  the  point  where  the  darker  dorsal  color  pattern  meets  the  white  ventral  hairs.  Lengths 
and  maximum  widths  of  each  hair  were  measured  under  a  dissecting  microscope  with  the 
aid  of  an  ocular  micrometer.  From  the  right  flank  of  each  of  the  two  specimens,  at  the 
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Figure  1.  Scanning  electron  micrographs  representing  seasonal  pelage  extremes  in 
Spermophilus  mexicanus,  magnified  28  times:  A,  view  of  warm-weather  pelage,  elevated 
0°;  B,  view  of  cold-weather  pelage,  elevated  50°. 


site  from  which  the  hairs  were  plucked,  a  small  patch  of  skin  with  accompanying  hairs, 
about  five  millimeters  square,  was  excised  with  a  scalpel  blade.  Care  was  taken  not  to  cut 
hairs  in  the  areas  adjacent  to  the  patch  of  skin  removed.  Patches  then  were  clipped  by  hand 
under  a  dissecting  microscope  with  a  pair  of  microscissors. 

Patches  of  excised  skin  and  individual  hairs  were  mounted  on  a  scanning  electron 
microscope  (SEM)  specimen  stub  using  two-sided  tape.  The  stubs  then  were  coated  with 
gold  in  a  DC  sputtering  apparatus  to  400  angstroms.  The  coated  specimens  were  then 
studied  with  an  ISI  Sill  A  SEM.  Photomicrographs  were  taken  of  each  skin  sample  and 
of  the  whole  hair  mounts. 


Results  and  Discussion 

A  seasonally  deciduous  pelage  appears  an  obvious  adaptive  advantage 
for  such  species  as  Spermophilus  mexicanus  that  are  subjected  to 
seasonal  temperature  extremes.  Elongation  of  guard  hairs  and 
proliferation  of  wool  hairs  in  cold-weather  pelages  of  many  mammals  is 
well  known.  However,  detailed  characterizations  of  seasonal  pelage 
variation  are  less  well  known. 

The  two  extreme  pelage  samples  of  Spermophilus  mexicanus  are 
distinctive  both  in  quantitative  and  qualitative  aspects  (Fig.  1).  Guard 
hairs  are  comparatively  stout  hairs  that  are  singly  and  evenly  distributed, 
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and  are  characterized  by  dorsoventral  compression  and  a  prominent 
dorsal  trough.  The  guard  hair  shaft  is  divided  into  three  distinct  regions 
that  grade  from  one  to  the  next.  The  proximal  stalk  is  relatively  narrow, 
and  flares  into  the  stouter,  wider  body  before  tapering  to  a  terminal  tip. 
In  contrast  to  the  rest  of  the  flattened  shaft,  the  tip  gradually  assumes 
a  circular  cross-sectional  configuration.  Wool  hairs  are  slender,  oval  to 
circular  in  cross  section,  uniform  in  width  but  gradually  tapered 
terminally,  and  are  less  rigid.  One  or  more  wool  hairs  are  produced  by 
follicles  that  are  in  close  association  with  those  giving  rise  to  individual 
guard  hairs. 

Warm-weather  Pelage  Characteristics 

Warm-weather  guard  hairs  (Fig.  2)  are  slightly  recurved  and  lie  close 
to  the  body.  They  are  relatively  short  (mean,  4.69  mm)  and  wide  (mean, 
0.13  mm).  The  stalk  of  each  guard  hair  flares  rapidly  into  the  body  of 
the  shaft,  and  tapers  relatively  abruptly  to  a  sharp  tip.  The  trough 
extends  along  nearly  the  length  of  the  dorsal  surface  of  the  shaft.  Wool 
hairs  are  sporadically  distributed,  occurring  only  at  the  bases  of  guard 
hairs,  and  appear  as  short  straight  bristles.  Not  all  guard  hairs  appear 
to  be  accompanied  by  wool  hairs.  The  general  texture  of  the  pelage  is 
quite  coarse,  owing  to  the  dominance  of  the  short,  stout  guard  hairs  that 
bend  readily  only  at  the  constricted  stalk. 

In  warm  weather,  heat  retention  is  not  a  critical  problem,  and  in  some 
instances  facilitation  of  heat  dissipation  might  be  desirable.  The  sparse 
distribution  of  wool  hairs  and  guard  hairs  that  lie  almost  flat  against  the 
skin  certainly  minimizes  insulative  dead  air  space.  Dorso-ventrally 
flattened  guard  hairs  that  are  heavily  keratinized  also  may  play  a  role  in 
minimizing  cutaneous  water  loss  during  warmer  months. 

Cold-weather  Pelage  Characteristics 

The  cold-weather  pelage  is  dramatically  different.  The  general  texture 
is  relatively  plush  due  to  elongated  narrow  stalks  of  the  guard  hairs  and 
underlying  mat  of  wool  hairs.  Guard  hairs  (Fig.  3)  are  considerably 
longer  (mean,  12.62  mm)  than  those  of  the  warm-weather  pelage,  and 
slightly  narrower  (mean,  0.12  mm).  These  hairs  arise  from  the  follicle  at 
about  a  50-degree  angle  before  curving  posteriorly  and  flattening  out  to 
run  parallel  to  the  skin  surface.  The  stalk  appears  as  a  narrow  stem,  and 
gradually  tapers  into  the  body.  Terminally,  the  shaft  of  the  hair  tapers 
to  a  sharp  point  more  gradually  than  is  characteristic  of  the  warm- 
weather  pelage.  The  trough  extends  along  the  hair  shaft  from  the  base 
to  the  distal  one-fifth  to  one-sixth  of  its  length,  past  which  the  cross- 
sectional  form  of  the  hair  changes  from  flat  to  oval  to  circular.  From 
near  the  base  of  each  guard  hair  arises  several  slender,  wavy  wool  hairs 
that  nearly  approximate  the  guard  hairs  in  length,  appearing  as  tufts. 
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Figure  2.  Scanning  electron  micrographs  of  representative  regions  of  warm-weather  guard 
hair  from  Spermophilus  mexicanus,  magnified  110  times.  A,  view  of  proximal  portion 
of  hair  shaft,  showing  origin  of  trough;  B,  view  of  body  at  midshaft;  C,  view  of  tip  and 
terminal  extent  of  trough. 

The  change  from  warm-weather  to  cold-weather  pelage  must  increase 
the  efficiency  of  heat  retention.  This  modification  is  accomplished  in  part 
by  initiation  of  activity  of  previously  dormant  wool  hair  follicles.  The 
hairs  of  a  tuft  appear  to  arise  from  individual  but  closely  associated 
follicles.  The  long  slender  stalk  of  the  guard  hairs  rising  at  an  abrupt 
angle  minimally  disturbs  the  underlying  mat  of  underfur  before  curving 
posteriorly.  The  relatively  wide  body  of  a  guard  hair  is  deeply  troughed 
and  lies  mostly  above  the  wool  mat,  functionally  forming  a  “roof”  that 
insures  dead  air  spaces.  This  cover  of  heavily  keratinized  hairs  also  seems 
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Figure  3.  Scanning  electron  micrographs  of  representative  regions  of  cold-weather  guard 
hair  from  Spermophilus  mexicanus,  magnified  110  times.  A,  view  of  proximal  portion 
of  hair  shaft,  showing  origin  of  trough;  B,  view  of  troughed  region  of  flexible  stalk;  C, 
view  of  body  at  point  of  maximum  width;  D,  view  of  junction  between  body  and  tip, 
at  point  where  trough  terminates. 

to  confer  protection  against  soiling  or  wetting  of  the  wool  undercoat, 
which  could  cause  matting  and  reduce  insulative  efficiency. 

Troughing  in  Guard  Hairs 

Troughs  along  the  lengths  of  mammalian  guard  hair  shafts  have  been 
figured  for  members  of  such  diverse  taxa  as  Heteromyidae  (Homan  and 
Genoways,  1978;  Short,  1978),  Cricetidae  (Short,  1978),  Sciuridae 
(Mathiak,  1938;  Short,  1978),  Bovidae  (Keogh,  1983),  and  Leporidae 
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(Moore  et  al.,  1974),  and  thus  possibly  is  a  convergent  character  in  some 
instances.  If  this  is  true,  then  it  seems  equally  likely  that  troughs  of  guard 
hairs  may  have  developed  in  response  to  different  selection  factors, 
thereby  serving  different  functions  in  different  taxa. 

Homan  and  Genoways  (1978)  documented  an  apparent  case  of 
convergence  for  troughing  within  the  Heteromyidae,  and  hypothesized 
that  troughing  of  overlapping  hairs  may  increase  dead  air  space, 
increasing  insulation  efficiency  and  reducing  cutaneous  water  loss.  While 
this  is  a  plausible  statement  regarding  heteromyid  pelage,  we  feel  the 
insulative  valve  of  troughs  is  minimal  in  Spermophilus  mexicanus.  Much 
of  the  troughed  dorsal  surface  is  exposed  to  the  environment,  and  in 
cold-weather  pelage,  much  of  that  part  of  the  guard  hair  shaft  that  is  not 
exposed  (predominantly  the  stalk)  is  shallow-troughed.  The  troughed  hair 
is  stiffer  and  more  rigid  than  a  simple  circular  or  flattened  hair  of  similar 
constitution  and  dimensions.  The  primary  advantage  of  the  troughing  in 
S.  mexicanus  may  be  structural  support  and  of  particular  value  in  the 
winter  pelage  as  it  shields  or  roofs  the  wool  layer. 

Comments  on  seasonal  changes  in  hair  morphology  typically  refer  to 
relative  lengths  and  numbers  of  guard  hairs  present  in  extreme  pelages. 
To  our  knowledge,  this  is  the  first  documentation  of  such  seasonally 
dimorphic  guard  hair  characters  for  a  mammalian  species. 
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DIEL  DIFFERENCES  IN  GILL  NET  AND  SEINE  CATCHES 
OF  FISH  IN  WINTER  IN  A  COVE  OF  LAKE  TEXOMA, 
OKLAHOMA-TEXAS 
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Kingston,  Oklahoma  73439 

Abstract. — Distinct  did  patterns  in  catch  of  fish  in  gill  nets  and  seines  occurred  during 
a  24-hour  winter  sampling  period  in  a  cove  of  Lake  Texoma  (Oklahoma-Texas).  The  most 
abundant  predator  (striped  bass)  was  shown  in  mid-winter  to  be  highly  active  at  night  as 
well  as  in  daylight.  Gizzard  shad,  inland  silversides,  river  carpsuckers,  and  five  minnow 
species  were  all  caught  in  significantly  different  numbers  in  shoreline  seining  samples  taken 
in  day  as  opposed  to  night.  These  results  imply  that  sampling  schedules  for  reservoir  fishes 
must  take  into  account  diel  differences  in  activity  or  microhabitats  of  fishes  in  winter  as 
well  as  in  summer.  Key  words :  diel  patterns;  fish;  Lake  Texoma  (Oklahoma-Texas). 

Hubbs  (1984)  combined  gill-netting  and  seining  collection  techniques  to 
evaluate  diel  activity  patterns  and  location  of  fish  within  one  cove  of 
Lake  Texoma  (Oklahoma-Texas)  in  June  or  July  for  1 1  years.  His  results 
indicated  that  many  common  reservoir  species  are  either  day-active  or 
night-active,  and  that  some  show  diel  changes  in  microhabitats.  Although 
limited  to  summer  months,  these  results  have  important  implications  for 
design  of  fish  sampling  schedules  for  reservoirs.  This  paper  reports  the 
results  of  one  24-hour  mid-winter  collecting  period  at  the  same  location 
and  with  techniques  similar  to  those  used  by  Hubbs  (1984). 

In  addition  to  Hubbs  (1984),  Spoor  and  Schloemer  (1938),  Carlander 
and  Cleary  (1949),  Sieh  and  Parsons  (1950),  Jude  (1973),  and  Kelso 
(1978)  have  used  gill-net  catches  at  short  intervals  (one  to  three  hours) 
over  24-hour  periods  to  describe  activity  periods  of  fishes  during  warm 
months  of  the  year.  All  these  studies  have  shown  differences  in  catch  of 
various  species  with  time  of  day.  Craig  (1977)  lifted  gill  nets  every  three 
hours  year  around  to  document  activity  of  Perea  fluviatilis  in 
Windermere  (United  Kingdom).  The  only  other  study  of  which  I  am 
aware  in  which  gill  nets  have  been  run  at  brief  intervals  through  a  diel 
cycle  in  cold  weather  in  reservoirs  of  the  southern  United  States  is  that 
of  Dowell  (1956),  also  in  Lake  Texoma.  Some  field  studies  (for  example, 
Johnsen  and  Hasler,  1977)  have  shown  changes  in  behavior  of  lentic  fish 
in  winter.  This  study  was  undertaken  to  determine  if  the  day-night 
patterns  in  catch  of  fishes  reported  for  mid-summer  by  Hubbs  (1984) 
persisted  during  winter  in  Lake  Texoma. 

Study  Site  and  Methods 

Fish  were  collected  by  gill-netting  every  three  hours  and  shoreline  seining  every  two  hours 
for  a  24-hour  period  on  19-20  February  1982.  Water  temperature  at  the  surface  ranged  from 
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6  to  9°C,  Secchi  depth  was  55  centimeters,  the  weather  was  calm  and  clear,  and  there  was 
no  moonlight.  The  study  area  was  a  cove  of  Lake  Texoma,  near  the  University  of 
Oklahoma  Biological  Station,  known  as  Mayfield  Flat.  This  cove  was  also  the  location  of 
the  study  conducted  by  Hubbs  (1984).  Patten  (1975)  described  this  area  in  detail.  The  cove 
is  approximately  250  meters  wide  at  its  mouth  and  400  meters  long  from  east  to  west, 
oriented  so  that  it  is  protected  from  all  but  southeasterly  winds.  Gill  nets  were  set  in  water 
three  to  four  meters  deep  over  a  mud  bottom.  The  shoreline  area  is  a  gently  sloping  littoral 
zone  with  a  hard  sand-mud  bottom.  A  few  dead  willow  stumps  provide  cover  for  fish  near, 
but  not  immediately  within,  the  area  seined. 

Two  experimental  monofilament  gill  nets,  each  60  by  1.8  meters  with  successive  7.62 
meter  panels  of  19,  25,  38,  51,  64,  76,  89,  and  102  millimeter  bar  measure  mesh,  were  used. 
Throughout  the  24-hour  period,  one  was  set  at  the  bottom,  parallel  to  shore,  following  the 
long  axis  of  the  cove,  and  the  other  was  set  with  the  top  within  0.5  meter  of  the  surface, 
perpendicular  to  the  long  axis  of  the  cove.  The  nets  were  initially  set  at  1200  hours  CST, 
19  February,  and  raised  every  three  hours  thereafter.  Approximately  450  square  meters  of 
water  less  than  1.5  meters  deep  was  sampled  near  shore  (same  locality  as  Hubbs  1984)  every 
two  hours  with  a  bag  seine  7.6  meters  long  and  with  6.4  millimeter  bar  measure  mesh.  All 
fish  collected  by  seining  were  identified  and  counted  in  the  laboratory.  Hubbs  (1984) 
showed  that  such  a  schedule  of  collecting  in  Mayfield  Flat  did  not  deplete  fishes  locally, 
that  is,  there  was  no  significant  reduction  in  his  catch  with  repeated  collections  in  24-hour 
periods. 


Results  and  Discussion 

Striped  bass  ( Morone  saxatilis )  was  the  most  abundant  species  in  gill 
net  catches  (Table  1).  Significantly  more  striped  bass  were  taken  in  sets 
from  dusk  to  dawn  (lifted  at  2100  to  0630  hours)  than  in  daytime  sets 
(N  =  44  as  opposed  to  23;  X2  r  5.97;  P  <  0.05).  Striped  bass  collected 
in  this  study  ranged  from  0.17  to  7.77  kilograms  in  weight,  with  most 
individuals  between  0.5  and  1.0  kilogram.  Individuals  caught  in  daylight 
and  darkness  averaged  0.76  and  0.90  kilogram,  respectively,  but  this 
difference  is  not  significant  (Fs  =  0.282,  df  =  1/63).  Eight  white  bass 
( Morone  chrysops)  were  collected,  with  only  one  individual  taken  during 
daylight  (Table  1).  For  both  Morone  species,  these  mid-winter  results  and 
Hubbs’  (1984)  mid-summer  data  agree,  indicating  greater  catches  in  gill 
nets  at  night  than  during  daylight.  Dowell’s  (1956)  work  preceded 
introduction  of  striped  bass  into  the  reservoir,  but  all  white  bass  Dowell 
collected  in  cold  weather  were  in  gill  net  lifts  between  1900  and  0700 
hours.  None  of  these  results  “prove”  that  striped  bass  or  white  bass  are 
inactive  in  daylight.  Both  species  are  taken  frequently  by  anglers  during 
daylight,  and  failure  to  collect  Monroe  in  gill  nets  during  daylight  likely 
reflects  their  ability  to  avoid  the  sampling  gear  at  that  time.  The  present 
study,  however,  confirms  that  both  Morone  species  are  active  at  night  in 
shallow  coves  of  Lake  Texoma  in  mid-winter. 

Gizzard  shad  ( Dorosoma  cepedianum)  caught  by  gill  nets  and  shoreline 
seining  (Table  2)  showed  a  distinct  complementarity  in  their  day-night 
distribution.  Although  total  numbers  were  small,  75  percent  of  the 
gizzard  shad  taken  offshore  in  gill  nets  were  in  daylight  lifts.  In  contrast, 
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Table  I.  Numbers  of  individual  fish  collected  in  experimental  gill  nets  at  three-hour 
intervals,  19-20  February  1982,  in  Lake  Texoma.  The  0630  sample  was  taken  near 
sunrise,  but  is  considered  “darkness”  as  most  of  the  set  represented  in  the  catch  was 
during  dark  hours.  Other  species  taken  in  small  numbers  (one  or  two  each)  were: 
Micropterus  punctulatus ,  Micropterus  salmoides,  Ictalurus  punctatus ,  Pomoxis 
annularis ,  Cyprinus  earpio,  and  Hiodon  alosoides. 


Species 

Day 

Night 

Day 

Total 

1500  1800  2100 

2400  0300 

0630 

0900 

1245 

Day  Night 

Morone  saxatilis 

8  3  22 

8  6 

8 

6 

6 

23  44 

Morone  chrysops 

1 

4 

2 

1 

1  7 

Dorosoma  cepedianum 

1  1 

4 

7 

3 

12  4 

we  took  more  than  four  times  as  many  gizzard  shad  in  shoreline  samples 
at  night  as  in  daylight  (Table  2).  This  pattern  suggests  that  in  winter 
gizzard  shad  spend  the  day  offshore  in  open  waters  of  the  cove,  and 
move  inshore  at  dusk  or  at  night.  Gizzard  shad  migration  into  deep  water 
and  subsequent  inactivity  in  winter  reported  by  Forbes  and  Richardson 
(1920)  and  Jester  and  Jensen  (1972)  does  not  agree  with  the  present 
results.  My  data  indicate  some  active  movement  of  gizzard  shad  and  their 
occupancy  of  shallow  water  during  cold  winter  conditions.  An  overall 
decline  in  gill  net  catch  of  gizzard  shad  has,  however,  been  observed  in 
Lake  Texoma  during  winter  (unpublished  data). 

Catch  of  all  eight  species  (Table  2)  taken  in  seining  in  sufficient 
numbers  for  analysis  differed  significantly  in  day  as  opposed  to  night 
collections.  Menidia  beryllina  (inland  silversides)  was  by  far  the  most 
abundant  in  shoreline  seine  catches.  Menidia  was  much  more  abundant 
in  the  littoral  zone  during  daylight  than  after  dark,  with  95  percent  of 
the  individuals  collected  inshore  from  0800  to  1800  hours.  This  finding 
in  winter  agrees  fully  with  Hubbs’  (1984)  summertime  results;  both 
studies  suggest  a  persistent  diel  inshore-offshore  movement  of  Menidia  in 
Lake  Texoma. 

The  other  seven  species  seined  in  sufficient  numbers  for  analysis  all 
showed  either  a  strong  day  or  night  abundance  in  the  shoreline  samples. 
All  river  carpsuckers  ( Carpiodes  earpio)  collected  in  seining  (all  small 
individuals,  likely  young-of-year)  were  taken  during  darkness.  Hubbs 
(1984)  found  river  carpsuckers  to  be  night-active  in  summer,  but  his 
results  are  based  almost  completely  (Hubbs,  personal  communication)  on 
larger  individuals  captured  in  gill  nets.  During  the  entire  24-hour  winter 
collection,  carpsuckers  were  not  taken  by  gill  nets,  suggesting  that  larger 
individuals  (which  have  often  been  collected  in  the  cove)  were  relatively 
inactive. 

The  three  Notropis  species  ( N .  atherinoides ,  N.  lutrensis,  TV.  venustus ) 
taken  in  shoreline  seining  were  significantly  more  abundant  in  daytime 
than  in  night  cathces  (Table  2),  which  agrees  with  Hubbs’  (1984)  results 
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for  these  species  in  mid-summer.  Our  shoreline  seining  in  various  habitats 
of  Lake  Texoma  from  1979  to  present  indicate  that  N.  lutrensis  and  N. 
venustus  are  common  inshore,  and  that  N.  atherinoides  is  common 
inshore  in  some  years  but  not  all.  Almost  all  of  these  collections, 
however,  have  been  during  daylight  hours.  At  least  one  Notropis  ( N . 
volucellus )  is  known  to  make  major  inshore-offshore  diel  movements 
(Hanych  et  al.,  1983),  and  the  cyprinid  Notemigonus  crysoleucas  also 
exhibits  marked  inshore-offshore  daily  migrations  (Hall  et  al.,  1979). 

Two  other  minnows  (Hybopsis  storeriana  and  Pimephales  vigilax )  were 
also  much  more  abundant  in  night  than  in  day  in  this  winter  study.  In 
contrast,  Hubbs  (1984)  collected  these  species  more  often  in  shoreline 
areas  in  daylight  than  in  darkness  in  summer. 

Conclusions 

Catching  an  individual  fish  in  a  passive  device  such  as  a  gill  net 
demonstrates  that  the  animal  was  at  a  given  location,  and  was  active. 
Collecting  fish  in  active  devices  like  seines  show  only  that  the  animals 
were  at  a  particular  place  at  a  given  time.  Hubbs  (1984)  showed  that  the 
clock-hours  of  day  during  which  gill  nets  are  used  can  markedly  influence 
composition  of  the  catch,  and  that  timing  of  seine  sampling  can  similarly 
bias  qualitative  or  quantitative  results.  His  conclusions  are  based  on  a 
robust  data  set  with  respect  to  number  of  years,  but  are  limited  to 
summer  months. 

Seven  of  the  10  taxa  taken  in  these  winter  collections  in  sufficient 
numbers  for  comparison  showed  diel  activity  or  microhabitat  use  patterns 
similar  to  those  reported  for  mid-summer  by  Hubbs  (1984).  Two  minnow 
species  ( H .  storeriana  and  P.  vigilax)  showed  diel  occurrence  inshore  that 
differed  in  summer  and  winter.  The  remaining  species  ( Carpiodes  carpio ) 
was  shown  in  both  studies  to  be  caught  most  often  at  night,  but  the  size 
fish  under  consideration  differed  markedly  in  the  two  studies,  thus  direct 
comparison  is  not  possible. 

Regardless  of  similarities  or  differences  between  the  summer  and  winter 
data,  a  major  point  of  Hubbs  (1984)  remains  true  during  cold  winter 
weather:  catch  of  most  of  the  common  species  showed  distinct  diel 
patterns  that  could  strongly  influence  the  outcome  of  studies  that  do  not 
take  such  patterns  into  account.  Knowledge  of  optimum  collecting  hours 
for  certain  species  may  improve  efficiency  of  sampling  that  is  species- 
specific.  Data  from  the  present  study  and  that  of  Hubbs  (1984)  suggest, 
however,  that  if  information  on  the  total  fishery  is  desired,  passive 
devices  like  gill  nets  should  be  used  both  in  winter  and  summer  during 
as  much  of  the  24-hour  clock  as  possible.  Additionally,  catches  in 
shoreline  seining  at  any  given  hour  of  the  day  or  night  may  be  influenced 
by  diel  movements,  or  perhaps  vulnerability  to  the  gear,  of  various 
species. 
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UNCERTAINTY  CONSIDERATION  RESULTING  FROM 
TEMPERATURE  VARIATION  ON  GROWTH  OF 
PENAEUS  STY  LI  ROST RIS  IN  PONDS 


Arye  Sadeh,  Christopher  R.  Pardy,  Wade  Griffin, 
and  Addison  L.  Lawrence 

Department  of  Agricultural  Economics,  Texas  A&M  University,  College  Station,  Texas 
77843,  and  Texas  Agricultural  Experiment  Station,  Port  Aransas,  Texas  78373 

Abstract. — Consideration  of  temperature  variations  as  stochastic  factor  in  scheduling  of 
stocking  and  harvesting  of  shrimp  in  a  grow-out  pond  in  Texas  is  treated.  A  biological 
model  describing  shrimp  biomass  growth  in  a  pond,  as  a  function  of  number,  size,  time 
and  temperature,  is  adopted  and  modified  to  create  a  set  of  activities  with  expected  income 
and  associated  variance.  The  economic  analysis  consists  of  ranking  the  activities  when 
uncertainty  is  taken  into  consideration.  Key  words',  stochastic  simulation;  shrimp  growth 
function;  stocking;  harvesting;  risk  and  uncertainty. 


Strong  demand  and  limiting  supply  has  increased  interest  in  pond 
culture  of  penaeid  shrimp  in  coastal  areas  of  Texas.  In  these  areas,  length 
of  the  production  season  is  mostly  determined  by  temperature,  because 
of  its  effect  on  growth  and  survival  of  shrimp.  Farm  managers  must 
decide  on  stocking  and  harvesting  dates  as  well  as  the  number  of  crops 
to  produce  per  year,  with  respect  to  temperature  stochasticity  and  other 
weather  variables.  Preliminary  research  by  Pardy  et  al.  (1983)  indicated 
that  one  crop  per  year  will  give  the  greatest  returns  above  feed  and 
postlarvae  (PL)  cost;  however,  some  farmers  in  Texas  are  producing  two 
crops  per  year. 

Research  has  been  conducted  on  nonnative  and  indigenous  penaeid 
shrimp  both  in  the  field  and  in  pond  studies  (Edwards,  1977;  Menz  and 
Bowers,  1980;  Harris  and  Kilgen,  1974;  Gould  and  Aldrich,  1973;  Parker 
and  Holcomb,  1973;  Furness,  1978;  Chamberlain  et  al.,  1980;  Zein-Eldin 
and  Aldrich,  1965).  Based  on  these  reports,  it  is  difficult  to  determine  the 
exact  effect  of  temperature  on  growth  and  mortality  of  penaeid  shrimp. 
It  appears  that  water  temperature  of  4°  C  represents  a  lower  lethal  limit 
and  that  temperatures  between  4°  C  and  27°  C  limit  growth.  The  upper 
lethal  temperature  limit  appears  to  be  approximately  35° -37°  C 
(Reitsema,  1975;  Broom  and  Tulian,  1970);  thus,  its  consideration 
appears  to  be  irrelevant  for  penaeid  shrimp  culture  in  properly 
constructed  ponds  in  temperature  regions. 

This  study  reports  on  use  of  stochastic  simulation  modeling  to  evaluate 
the  effect  of  temperature  variation  on  the  economic  performance  of 
penaeid  shrimp  grow-out  operations.  In  this  analysis,  number  of  crops 
per  growing  season  and  stocking  date  are  considered  as  decision 
variables. 
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Methodology  and  Data 

Simulation  Model  Modifications 


Growth  Function 

A  simulation  model  previously  developed  for  the  Texas  Gulf  Coast  (Pardy,  et  al.,  1983) 
was  updated  to  incorporate  temperature  effects.  The  objective  of  the  study  was  to  evaluate 
the  production  schemes  available  to  assist  in  making  appropriate  decisions.  The  model 
examined,  on  a  weekly  time-step  basis,  the  effect  of  stocking  density  and  multiple  cropping 
on  weight  per  animal,  total  product,  cost  of  postlarvae  and  feed,  as  well  as  gross  revenue 
and  revenue  above  selected  costs  (RASC).  Because  this  study  was  designed  to  consider  the 
impact  of  stocking  and  harvesting,  only  costs  directly  related  to  those  decisions  were 
considered. 

Individual  shrimp  growth  function  was  estimated  with  respect  to  stocking  density  and 
time  from  stocking  day.  This  function  given  in  Pardy  et  al.  (1983)  is: 

W,  =  (ao+  a,D  +  a2D2)  .  (l-e-kt)\ 

where:  Wt  is  shrimp  weight  in  grams  at  week  t, 

D  is  harvest  density  in  number  per  hectare, 
k  is  growth  rate, 
t  is  time  in  weeks,  and 

a„  ai  and  a2  are  coefficients  to  be  estimated  [notice  that  as  t— — °°,  W, 
a,D  +  a2D2),  which  is  the  asymptotic  weight  adjusted  by  stocking  density 

The  same  growth  function  was  used  here;  however,  parameter  estimates  were  improved. 
Two  year  growth  and  mortality  data  for  P.  stylirostris  from  pond  experiments  were 
available  from  the  Texas  A&M  University  Mariculture  Research  Center  at  Corpus  Christi, 
Texas.  In  both  experiments,  shrimp  were  stocked  as  five-day-old  postlarvae  (PL5)  and 
grown  106  days  in  1981  and  for  159  days  in  1983.  The  coefficients  a0,  ai  a2  and  k  (and 
their  t-values)  are:  69.1,  (21.7);  —2.67,  (12.1);  0.038,  (9.2);  and  0.015,  (37.),  respectively.  The 
computed  R2  is  0.98. 

Temperature  Considerations 

Temperature  affects  growth  rate  through  the  k  coefficient  in  equation  (1).  Tank 
experiment  results  reported  by  Rubino  (1983)  allow  the  impact  of  water  temperature  on  the 
growth  of  P.  stylirostris  to  be  divided  into  six  ranges  (Table  1).  A  complete  die-off  was 
assumed  to  occur  if  the  pond  temperature  dropped  below  a  threshold  temperature  of  4° 
C  (9°  C  in  the  sensitivity  analysis)  for  six  consecutive  hours  or  longer. 

To  develop  the  probability  of  occurrences  for  any  range  of  temperatures  given  in  Table 
1  for  each  week  of  the  calendar  year,  long-term  historical  air  temperature  data  was 
converted  into  pond  temperature.  Pond  water  temperature  readings  were  collected  at  the 
TAMU  Mariculture  Station  at  Corpus  Christi,  Texas,  during  1983.  Those  readings  were 
used  to  determine  the  air-pond  water  temperature  relationship  as  follows: 


(1) 


—  (a0T 


PT,  -  PTt  i  =  a, (AT,  -  AT,-,),  (2) 

where:  PT,  is  the  pond  water  temperature  at  week  t, 

AT,  is  the  air  temperature  at  week  t,  and 

a,  is  a  linear  coefficient  that  depends  on  the  time  of  the  year. 

The  estimation  procedure  shows  only  three  different  values  for  the  entire  growing  season 
(see  Table  2).  In  spring,  there  is  a  smaller  difference  between  morning  and  afternoon  pond 
temperatures  because  the  ground  is  cold  from  winter.  In  autumn,  however,  when  there  may 
be  20  to  30°  C  decrease  in  air  temperature  in  less  than  two  hours,  the  ground  still  is  warm 
from  summer.  Even  though  pond  temperature  may  be  low  in  the  morning,  it  warms  up 
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Table  1.  Pond  temperature  ranges  (°  C)  and  their  effects  on  shrimp  growth  and  survival. 


Range 

Percent  of  potential 
range  of  growth 

■f  27 

100 

25-27 

64 

22-25 

59 

20-22 

50 

17-20 

35 

§17 

0 

§4  for  6  consecutive  hours* 

Kill 

§9  for  6  consecutive  hours** 

Kill 

*Used  in  base  run  analysis. 
**Used  in  sensitivity  analysis. 


quickly  because  of  the  sun  and  the  warm  ground.  Good  growth  was  observed  in  the  P. 
stylirostris  in  the  autumn  when  pond  temperatures  were  in  the  low  20°  s  C  in  the  morning 
and  in  the  upper  20°s  C  in  the  afternoon. 

Air  temperature  data  from  1949  to  1983  were  obtained  from  the  National  Weather 
Service  for  Corpus  Christi,  Texas  (reference),  where  the  growth  experiments  were 
conducted.  Observations  were  available  at  hourly  intervals  for  the  period  1949-1964,  and 
for  1981.  Eight  observations  per  day  were  available  for  the  remaining  years. 

Air  temperature  was  converted  into  pond  temperature  using  equation  (2).  The 
temperature  scale  then  was  divided  into  ranges  according  to  the  impact  on  the  rate  of 
growth.  The  probabilities  of  occurrences  of  a  given  range  shown  in  Table  1  for  each  week 
of  the  calendar  year  were  then  calculated  by  counting  the  frequencies  of  occurrence  for 
observations  within  each  range  and  dividing  by  the  total  number  of  observations 
considered.  Table  3  shows  the  weekly  pond  water  temperature  probability  distribution 
according  to  these  ranges. 


Operation  of  the  Model 

Various  techniques  can  be  utilized  to  allow  incorporation  of  stochastic  variables  into 
simulation  models.  Each  week,  a  random  number  was  generated  to  determine  the 
temperature  range  for  that  week  according  to  the  probabilities  previously  calculated.  This 
procedure  was  repeated  250  times  producing  250  growing  seasons.  The  results  reported 
represent  the  mean  and  standard  deviations  of  those  predictions. 

In  order  to  assess  economic  performance  corresponding  with  the  two  decision  variables 
(stocking  date  and  number  of  crops  per  season),  a  decision  must  be  made  concerning  when 
to  stock  ponds.  A  farmer  probably  would  plan  to  stock  ponds  at  a  given  week  during  the 
year.  If  a  cold  front  passes  through  the  area  during  the  week  in  which  he  would  normally 
stock,  however,  he  would  obviously  wait  and  stock  at  a  later  date  if  he  has  the  flexibility 


Table  2.  Coefficients  and  t-values  for  air-pond  water  temperature  equation  for  three 
different  periods  during  a  calendar  year. 


Weeks  of  the  year 

a 

t-Value 

1-26 

0.71 

3.73 

27-38 

0.48 

3.27 

39-52 

1.29 

5.73 

R2  =  .71 
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Table  3.  Water  temperature  probabilities  for  growth  and  kill-off. 


Mo 

Week 

of 

Year 

Kill  Off 

Temperature  Ranges 

4°C 

9°C 

§17 

§20 

§22 

§25 

§27 

T27 

J 

1 

0.515 

0.909 

0.879 

0.121 

0.000 

0.000 

0.000 

0.000 

A 

2 

0.545 

0.970 

0.857 

0.129 

0.013 

0.000 

0.000 

0.000 

N 

3 

0.515 

0.909 

0.91 1 

0.085 

0.004 

0.000 

0.000 

0.000 

4 

0.333 

0.848 

0.857 

0.138 

0.004 

0.000 

0.000 

0.000 

— 

5 

0.394 

0.848 

0.937 

0.062 

0.000 

0.000 

0.000 

0.000 

F 

6 

0.394 

0.758 

0.875 

0.121 

0.004 

0.000 

0.000 

0.000 

E 

7 

0.303 

0.727 

0.866 

0.134 

0.000 

0.000 

0.000 

0.000 

B 

8 

0.273 

0.667 

0.862 

0.116 

0.022 

0.000 

0.000 

0.000 

— 

9 

0.242 

0.576 

0.871 

0.121 

0.009 

0.000 

0.000 

0.000 

M 

10 

0.061 

0.455 

0.893 

0.098 

0.004 

0.004 

0.000 

0.000 

A 

1 1 

0.030 

0.455 

0.879 

0.121 

0.000 

0.000 

0.000 

0.000 

R 

12 

0.061 

0.394 

0.781 

0.205 

0.013 

0.000 

0.000 

0.000 

— 

13 

0.030 

0.303 

0.330 

0.228 

0.156 

0.214 

0.040 

0.031 

A 

14 

0.000 

0.182 

0.232 

0.223 

0.187 

0.317 

0.031 

0.000 

P 

15 

0.030 

0.061 

0.196 

0.179 

0.165 

0.384 

0.045 

0.031 

R 

16 

0.000 

0.000 

0.152 

0.228 

0.228 

0.286 

0.062 

0.045 

17 

0.000 

0.000 

0.112 

0.143 

0.161 

0.473 

0.045 

0.067 

— 

18 

0.000 

0.000 

0.031 

0.058 

0.094 

0.629 

0.152 

0.036 

M 

19 

0.000 

0.000 

0.045 

0.071 

0.085 

0.562 

0.152 

0.085 

A 

20 

0.000 

0.000 

0.013 

0.031 

0.031 

0.125 

0.277 

0.522 

Y 

21 

0.000 

0.000 

0.000 

0.009 

0.013 

0.098 

0.254 

0.625 

— 

22 

0.000 

0.000 

0.000 

0.018 

0.031 

0.080 

0.205 

0.665 

J 

23 

0.000 

0.000 

0.000 

0.000 

0.018 

0.054 

0.098 

0.830 

U 

24 

0.000 

0.000 

0.000 

0.000 

0.004 

0.022 

0.098 

0.875 

N 

25 

0.000 

0.000 

0.000 

0.000 

0.009 

0.027 

0.045 

0.920 

— 

26 

0.000 

0.000 

0.000 

0.000 

0.000 

0.027 

0.049 

0.924 

J 

27 

0.000 

0.000 

0.000 

0.000 

0.009 

0.031 

0.054 

0.906 

U 

28 

0.000 

0.000 

0.000 

0.000 

0.004 

0.031 

0.027 

0.937 

L 

29 

0.000 

0.000 

0.000 

0.000 

0.000 

0.027 

0.009 

0.964 

30 

0.000 

0.000 

0.000 

0.000 

0.004 

0.018 

0.027 

0.951 

— 

31 

0.000 

0.000 

0.000 

0.000 

0.004 

0.022 

0.009 

0.964 

A 

32 

0.000 

0.000 

0.000 

0.000 

0.004 

0.009 

0.018 

0.969 

U 

33 

0.000 

0.000 

0.000 

0.000 

0.000 

0.013 

0.009 

0.978 

G 

34 

0.000 

0.000 

0.000 

0.000 

0.004 

0.036 

0.031 

0.929 

— 

35 

0.000 

0.000 

0.000 

0.000 

0.000 

0.027 

0.036 

0.937 

S 

36 

0.000 

0.000 

0.000 

0.000 

0.004 

0.027 

0.067 

0.902 

E 

37 

0.000 

0.000 

0.000 

0.000 

0.000 

0.036 

0.018 

0.946 

P 

38 

0.000 

0.000 

0.000 

0.004 

0.009 

0.013 

0.062 

0.911 

— 

39 

0.000 

0.000 

0.000 

0.000 

0.009 

0.049 

0.071 

0.871 

O 

40 

0.000 

0.000 

0.004 

0.013 

0.009 

0.067 

0.103 

0.804 

c 

41 

0.000 

0.030 

0.009 

0.004 

0.022 

0.080 

0.187 

0.696 

T 

42 

0.000 

0.030 

0.022 

0.022 

0.040 

0.112 

0.152 

0.652 

43 

0.000 

0.121 

0.018 

0.022 

0.067 

0.103 

0.246 

0.545 

— 

44 

0.000 

0.242 

0.067 

0.054 

0.098 

0.174 

0.201 

0.406 

N 

45 

0.000 

0.485 

0.049 

0.080 

0.067 

0.232 

0.299 

0.272 

O 

46 

0.091 

0.485 

0.165 

0.156 

0.116 

0.415 

0.098 

0.049 

V 

47 

0.121 

0.545 

0.254 

0.170 

0.156 

0.330 

0.054 

0.036 
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Table  3.  Continued. 


_ 

48 

0.212 

0.697 

0.237 

0.143 

0.192 

0.353 

0.058 

0.018 

D 

49 

0.182 

0.758 

0.339 

0.152 

0.138 

0.330 

0.031 

0.009 

E 

50 

0.303 

0.909 

0.429 

0.161 

0.134 

0.241 

0.036 

0.000 

C 

51 

0.364 

0.818 

0.500 

0.187 

0.125 

0.174 

0.009 

0.004 

— 

52 

0.303 

0.879 

0.415 

0.138 

0.134 

0.147 

0.116 

0.049 

of  delaying  arrival  of  the  postlarvae.  A  stocking  rule  was  set  up  so  as  to  to  have  two  weeks 
in  a  row  with  pond  temperature  above  the  lethal  threshold  before  stocking  the  ponds. 
Calendar  weeks  10  through  16  each  were  treated  as  the  first  week  from  which  stocking  was 
considered.  The  harvest  date  was  left  unspecified  at  the  end  of  the  season,  so  that  the 
optimal  cropping  date  could  be  determined  for  each  of  the  stocking  dates  considered.  In 
two-crop  activities,  however,  the  harvest  day  of  the  first  crop  was  in  the  middle  of  the 
season  between  calendar  week  45  and  the  actual  stocking  week. 

For  this  analysis,  shrimp  were  stocked  as  five-day-old  postlarvae  at  74,100  individuals  per 
hectare.  This  regime  was  found  to  perform  well  in  the  analysis  by  Pardy  et  al.  (1983).  The 
cost  of  postlarvae  was  set  at  $15  per  1000.  In  the  event  of  a  die-off,  restocking  was  possible 
up  until  the  30th  week  of  the  year.  Seven  days  were  allocated  for  pond  preparation,  a 
period  of  time  that  may  vary  based  on  the  size  of  shrimp  in  the  pond.  Feeding  rate,  for 
example,  was  fixed  at  25%  of  body  weight,  when  body  size  was  less  than  1.5  grams  and 
was  decreased  throughout  the  grow-out  period  up  to  the  time  shrimp  reached  18  grams. 
At  18  grams  and  above,  the  feeding  rate  was  three  percent  of  body  weight.  Feed 
expenditures  were  calculated  based  on  a  cost  of  $0.53  per  kilogram.  Ex-vessel  prices  for 
shrimp  reported  in  the  “Fishery  Market  News  Reports”  (U.S.  Department  of  Commerce) 
for  1977-1981  were  averaged  and  adjusted  to  1983  levels  for  this  analysis. 


Results  and  Discussion 


A  total  of  14  different  production  activities  were  examined  based  on 
the  two  decision  variables — date  to  stock  and  number  of  crops  per  year. 
That  is, 


Activity 

Week  stocked 

Number  of  crops 

1 

10 

1 

2 

10 

2 

3 

11 

1 

14 


14 


2 


For  discussion  purposes  a  one-crop  system  (activity  13)  and  a  two-crop 
system  (activity  2)  are  presented  in  Figures  1  and  2,  respectively.  Both 
figures  have  pounds  and  dollars  on  the  vertical  axis  and  week  of  the  year 
on  the  horizontal  axis.  (Pounds  and  dollars  are  both  placed  on  the 
vertical  axis  in  order  to  reduce  number  of  figures  and  to  help  understand 
the  motion  of  variables.  The  importance  of  the  figure  is  in  the  shape  of 
the  functions  drawn.)  Both  figures  show  the  mean  values  for  total 
product,  selected  cost,  revenue  and  RASC. 
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Figure  1.  Total  product,  cost,  revenue,  and  revenue  above  selected  costs  over  time  for  a 
one-hectare  pond  stocked  in  week  16  (activity  13)  with  4°  C  as  the  lower  lethal  pond 
temperature  limit.  Dollars  per  hectare  on  left,  week  of  year  below. 

Maximization  of  expected  total  product  occurs  during  week  45 
(November  11)  for  all  stocking  considered  (Table  3).  In  subsequent 
weeks,  the  resulting  kill-offs  act  to  decrease  the  expected  total  biomass 
because  zero  amounts  are  included  in  the  calculation  of  the  mean  value. 
When  the  objective  is  maximization  of  expected  total  biomass,  week  45, 
the  last  week  with  zero  probability  for  kill-off,  can  be  thought  of  as  ex 
ante  limit  of  the  grow-out  period. 

The  probability  of  a  kill-off  is  zero  at  the  beginning  of  the  season  when 
initial  stocking  is  in  week  16  (Fig.  1).  In  this  case,  the  only  additional 
cost  is  feed;  therefore,  the  selected  cost  curve  is  flat.  When  stocking 
occurs  in  week  10  (Fig.  2),  however,  there  is  a  chance  for  a  kill-off 
in  the  first  five  weeks  of  production.  There  is  an  increase  in  costs  at  the 
early  part  of  the  production  season  for  restocking  as  indicated  in  Figure 
2.  Table  4  shows  the  number  of  restockings  in  250  iterations  for  stocking 
in  weeks  10  through  16.  Notice  that  the  number  of  restockings  declines 
from  57  (23  per  cent)  for  stocking  on  March  1  (week  10)  to  only  14  (six 
percent)  when  stocking  on  April  1.  A  manager  could  stock  on  April  22 
without  having  to  worry  about  restocking. 
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Figure  2.  Total  product,  cost,  revenue,  and  revenue  above  selected  costs  over  time  for  a 
one-hectare  pond  stocked  in  week  10  with  two  crops  per  growing  season  (activity  2)  with 
4°  C  as  the  lower  lethal  pond  temperature  limit.  Dollars  per  hectare  on  left,  week  of 
year  below. 

As  the  season  progresses,  shrimp  grow  and  enter  into  new  price  /  size 
classes.  Prices  to  shrimp  producers  vary  according  to  the  size  of  the 
animals  (large  shrimp  receive  a  higher  unit  price)  and  the  time  of  year, 
but  of  the  two,  the  size  effect  is  more  important.  Figures  1  and  2  show 
that  although  the  curves  of  expected  biomass  (total  product)  and 
expected  selected  cost  are  smooth,  those  representing  expected  revenue 
appear  less  smooth.  The  breaks  evident  in  the  revenue  curve  are  due  to 
the  incremental  nature  of  price  increases.  Both  the  price  received  per 
kilogram  and  expected  total  biomass  increase  over  time,  resulting  in 
increases  in  expected  gross  revenue. 

When  stocking  one  crop  in  week  16  (activity  13),  maximization  of 
RASC  occurred  at  week  45,  the  same  week  when  either  expected  gross 
revenue  or  total  product  reached  its  maximum  (Fig.  1).  When  two 
crops  per  year  were  stocked  in  week  10  (activity  2)  expected  gross 
revenue,  RASC,  and  total  product  reached  their  maximum  at  week  45 
(Fig.  2).  After  week  42,  the  increase  in  revenue  was  contrasted  by  an 
increase  of  cost,  resulting  only  in  a  moderate  expected  RASC  thereafter. 
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Table  4.  Number  of  restocks  in  250  interactions  for  each  stocking  date  at  4°  C  lower  lethal 
temperature  limit. 


Date 

Stocking 

Week  of  year 

Number  (%) 
of  restocks 

Break-even  point 
(weeks  from  stocking) 

3/  11 

10 

57  (23) 

11 

3/  18 

11 

43(17) 

10 

3/25 

12 

32(13) 

10 

4/  1 

13 

14(6) 

10 

4/8 

14 

12(5) 

9 

4/  15 

15 

7(3) 

9 

4/22 

16 

0(0) 

9 

Unlike  the  moderate  increase  in  Figure  1  between  week  42  and  45,  there 
is  a  relatively  steep  increase  in  the  curves  of  activity  2  given  in  Figure 
2. 

The  reduction  in  expected  revenue  over  time  is  partially  a  function  of 
the  temperature  effect.  From  Table  3,  it  is  clear  that  after  week  38  the 
probability  of  temperatures  above  27°  C  decreases.  As  time  goes  on, 
decreasing  temperature  causes  growth  to  slow.  The  rate  of  shrimp  growth 
in  the  second  seasonal  crop,  however,  is  relatively  higher  in  weeks  40-45 
than  when  only  one  crop  is  produced  in  the  season.  Although  there  is 
a  temperature  impact  when  producing  two  crops  per  year,  there  is  an 
increase  in  all  variables  between  weeks  40-45.  By  week  46  the  probability 
of  a  die-off  becomes  positive.  Because  fewer  ponds  are  contributing  to 
expected  total  product  beyond  week  45,  expected  gross  revenue  is 
maximized  in  week  45.  In  summary,  after  week  45  it  is  seen  that  expected 
RASC  is  affected  both  by  increasing  cost  and  by  decreasing  production. 

Table  5  shows  the  RASC  for  the  14  activities.  For  ease  of  comparison 
they  are  ranked  by  RASC  in  descending  order  and  with  one  and  two 
crops  per  year  separated.  Notice  that  with  two  crops  per  year  it  is  better 
to  stock  early  in  the  year,  but  with  one  crop  per  year  it  is  better  to  stock 
later  in  the  year.  Apparently  the  growing  season  in  Texas  is  adequate  for 
more  than  one  crop  per  year,  but  too  short  for  two  good  crops  per  year. 
Notice  that  five  of  the  activities  that  produce  two  crops  per  year  also 
have  a  higher  RASC  than  the  best  one  crop  per  year  activity.  Based  on 
mean  of  the  maximum  RASC  alone,  stocking  two  crops  per  year  is 
preferred  to  stocking  one  crop  per  year. 

Uncertainty  Considerations 

A  well  known  way  to  measure  risk  of  an  economic  variable  (and  the 
approach  adapted  in  this  study)  is  to  look  at  its  variance  associated  with 
the  expected  value.  A  comparison  of  the  mean  and  variance  shows  that 
if  activity  A  has  a  lowered  expected  value  and  a  higher  variance  than 
activity  B,  then  A  is  inferior  to  B.  If,  however,  activity  A  has  both  a 
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Table  5.  Expected  values  and  standard  deviations  for  revenue  above  selected  cost  (RASC) 
for  14  activities;  simulation  results  under  4°  C  lower  lethal  temperature. 


Ranking 

Activity 

number 

Week 

Crops 
per  year 

Maximum 

RASC 
per  /  ha 

RASC 

SD 

per  /  ha 

Stock 

Harvest 

1 

2 

10 

45 

2 

6,119 

788 

2 

4 

1 1 

45 

2 

6,001 

782 

3 

6 

12 

45 

2 

5,753 

406 

4 

8 

13 

45 

2 

5,614 

301 

5 

10 

14 

45 

2 

5,406 

276 

8 

12* 

15 

45 

2 

5,159 

289 

11 

14* 

16 

45 

2 

4,925 

192 

6 

13 

16 

45 

1 

5,327 

29 

7 

11* 

15 

44 

1 

5,232 

92 

9 

9* 

14 

43 

1 

5,148 

106 

10 

7* 

13 

44 

1 

5,002 

120 

12 

5* 

12 

43 

1 

4,859 

280 

13 

3* 

11 

43 

1 

4,745 

177 

14 

1* 

10 

43 

1 

4,442 

307 

inferior  Activities 


higher  expected  value  and  a  variance  than  B,  then  one  cannot  tell 
whether  A  is  inferior  or  superior  to  B  without  considering  an  individual 
manager’s  preference  toward  willingness  to  assume  risk. 

Table  5  summarizes  the  maximum  expected  RASC  and  standard 
deviations  for  all  14  activities.  When  considering  two  crops  per  year,  a 
decrease  in  the  maximum  expected  RASC  is  found  when  stocking  is 
moved  from  week  10  to  week  16.  The  standard  deviation  also  decreases. 
The  reverse  is  true  for  one  crop  per  year.  Activities  marked  with  an 
asterisk  are  inferior  to  at  least  one  other  activity. 

With  regard  to  anticipated  harvest  date,  the  most  rational  decision 
criterion  must  take  into  account  the  possibility  of  a  kill-off.  By  the  end 
of  the  year  much  has  been  invested  in  the  production  enterprise,  and  a 
manager  naturally  may  seek  to  minimize  the  chance  of  losing  a  crop.  As 
can  be  seen  from  Table  3,  the  probability  of  a  kill-off  does  not  become 
greater  than  25  percent  until  the  50th  week  of  the  year.  In  addition,  the 
probability  of  temperatures  permitting  100  percent  of  potential  growth 
(greater  than  27°  C)  remains  above  70  percent  until  week  41. 

Activity  13  resulted  in  the  minimum  variance  associated  with  RASC 
of  $5327  per  hectare  in  expected  value.  Week  16  represented  the  first 
stocking  week  for  which  the  probability  of  below  lethal  temperature 
occurrence  was  zero.  Activity  2  yielded  $6119  per  hectare  with  $788  per 
hectare  standard  deviation,  and  represented  one  of  the  noninferior 
activities.  As  is  obvious  from  Figure  1,  there  is  little  difference  in 
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Figure  3.  Revenue  above  selected  costs  of  25  observations  and  their  mean  for  a  pond 
stocked  in  week  16  (4°  C  as  the  lower  lethal  pond  temperature  limit).  Dollars  per 
hectare  on  left,  week  of  year  below. 


expected  RASC  from  weeks  42  through  45  inclusive.  Estimated  RASC 
for  these  weeks  ranged  from  a  low  of  $5093  per  hectare  to  the  maximum 
of  $5327  per  hectare.  Because  the  risk  of  losing  the  crop  to  disease  and 
because  other  costs  not  considered  in  this  analysis  may  increase  with 
time,  an  earlier  harvest  date  may  be  desirable  in  that  case. 

Figure  3  illustrates  the  distribution  of  RASC  for  a  pond  stocked  in 
week  16.  Expected  mean  points  are  connected  with  a  line,  whereas  25 
possible  outcomes  of  RASC  are  plotted  for  each  week.  As  can  be  seen, 
the  distribution  around  the  mean  is  fairly  small  from  stocking  to  week 
45.  After  this  point,  the  spread  begins  to  separate  into  two  major  groups 
that  result  from  kill-off  or  survival.  Notice  that,  as  the  harvest  date 
moves  from  week  46  to  week  52,  the  RASC  increases  if  shrimp  survive. 
The  probability  of  a  kill-off,  however,  becomes  greater  as  week  52  is 
approached;  therefore,  the  expected  RASC  decreases  drastically.  Figure 
3  includes  some  appreciation  of  the  variation  to  be  expected  in  RASC 
and  thus  gives  a  more  meaningful  idea  of  the  potential  outcome  than  the 
data  in  Figure  1  alone. 
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Figure  4.  Revenue  above  selected  costs  of  25  observations  and  their  mean  for  a  pond 
stocked  in  week  10  with  two  crops  (4°  C  as  the  lower  lethal  pond  temperature  limit). 
Dollars  per  hectare  on  left,  week  of  year  below. 


Figure  4  illustrates  the  bearing  of  uncertainty  throughout  the  season 
when  activity  2  is  considered.  Even  though  both  rate  of  growth  and 
mortality  are  affected  by  temperature,  it  is  seen  from  Figure  4  that  the 
main  impact  of  uncertainty  results  from  number  of  kill-offs  affecting  the 
variability  in  computation  of  RASC.  Restocking  the  second  crop  in  the 
middle  of  the  season  reduces  uncertainty,  because  it  “normalizes”  the 
number  of  shrimp  in  a  pond.  Like  activity  13,  the  end  of  the  season 
should  be  week  45  in  which  the  kill-off  probability  becomes  positive.  But 
unlike  activity  13,  reducing  the  growing  season  may  affect  the  RASC 
dramatically. 

Sensitivity  Analysis 

There  is  uncertainty  regarding  the  actual  lower  lethal  temperature  limit 
for  P.  stylirostris.  A  sensitivity  analysis  was  undertaken  by  changing  the 
temperature  at  which  kill-offs  were  assumed  to  occur  from  4°  to  9°  C. 
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Table  6.  Number  of  restocks  for  each  stocking  date  at  9°  C  lower  lethal  temperature  limit. 


Month  /  day 

Week 

of 

year 

Number  of 

restocks 

Percent 

increase 

Break-even  point 
(weeks  from  stocking) 

Percent 

increase 

10 

180 

315 

15 

136 

3/  18 

11 

166 

386 

14 

140 

12 

91 

284 

12 

170 

4/  1 

13 

78 

557 

11 

110 

14 

37 

308 

10 

110 

4/  15 

15 

7 

— 

9 

— 

16 

0 

9 

— 

In  this  way,  an  increased  sensitivity  to  low  temperature  was  simulated. 
No  other  changes  in  assumptions  were  made.  Probabilities  for  a  kill-off 
at  9°  C  are  presented  in  Table  3.  Increased  sensitivity  of  shrimp  to  low 
temperatures  results  in  a  dramatic  increase  in  kill-offs.  This  causes  an 
increase  in  the  number  of  weeks  required  to  break  even  (Table  6).  The 
break-even  points  for  the  first  five  stocking  dates  have  been  lengthened 
because  the  kill-off  probabilities  are  substantially  different  for  those 
weeks. 

RASC  are  maximized  at  week  42  for  all  activities  producing  two  crops 
per  year  (Table  7).  RASC  are  maximized  between  40  and  42  weeks  for 
activities  producing  one  crop  per  year.  From  Table  7,  it  is  obvious  that 
all  activities  with  two  crops  per  growing  season  are  inferior  because  the 


Table  7.  Expected  values  and  standard  deviation  for  revenue  above  selected  cost  (RASC) 
per  hectare  for  14  activities;  simulation  results  under  9°  C  lower  lethal  temperature. 


Ranking 

Activity 

Week 

Crops 
per  year 

Maximum 

RASC 

Week  40  RASC 

number 

Stock 

Harvest 

Mean 

SD 

Mean 

SD 

1 

13 

16 

42 

1 

4,612 

3,416 

4,406 

12 

2 

11  + 

15 

41 

1 

4,452 

2,446 

4,381 

82 

3 

9+ 

14 

40 

1 

4,357 

380 

4,357 

380 

5 

7*+ 

13 

41 

1 

4,280 

2,351 

4,224 

562 

7 

5*+ 

12 

42 

1 

4,208 

2,532 

4,031 

804 

1 1 

3*+ 

1 1 

41 

1 

3,935 

2,575 

3,840 

979 

14 

1*+ 

10 

42 

1 

3,749 

1,130 

3,550 

811 

4 

10*+ 

14 

42 

2 

4,280 

1,351 

3,770 

607 

6 

8*+ 

13 

42 

2 

4,266 

1,387 

3,778 

754 

8 

12*+ 

15 

42 

2 

4,197 

1,126 

3,679 

450 

9 

6*+ 

12 

42 

2 

4,169 

1,572 

3,659 

949 

10 

14*+ 

16 

42 

2 

3,989 

917 

3,209 

102 

12 

4*+ 

11 

42 

2 

3,905 

2,169 

3,466 

1,301 

13 

2*+ 

10 

42 

2 

3,786 

1,989 

3,287 

1,468 

♦Inferior  activities  based  on  Maximum  RASC 

inferior  activity  based  on  Maximum  RASC  and  RASC  in  week  40. 
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Table  8.  Expected  value  and  standard  deviations  for  revenue  above  selected  cost  (RASC) 
for  14  activities;  simulation  results  under  9°  C  lower  lethal  temperature  in  spring  and 
4°  C  lower  lethal  temperature  in  autumn. 


Activity 

Week 

Crops 

Maximum 

RASC 

Ranking 

Number 

Stock 

Harvest 

per  year 

RASC 

SD 

1 

13 

16 

44 

1 

5,350 

22 

2 

15* 

15 

44 

1 

5,215 

108 

5 

14* 

14 

44 

1 

5,080 

203 

9 

7* 

13 

44 

1 

4,832 

353 

1 1 

5* 

12 

44 

1 

4,720 

463 

13 

3* 

1 1 

43 

1 

4,481 

631 

14 

1* 

10 

44 

1 

4,407 

666 

3 

10* 

14 

45 

2 

5,155 

515 

4 

12* 

15 

45 

2 

5,110 

294 

6 

8* 

13 

45 

2 

4,974 

784 

7 

14* 

16 

45 

2 

4,892 

227 

8 

4* 

1  1 

45 

2 

4,873 

984 

10 

6* 

12 

45 

2 

4,818 

1,037 

12 

2* 

10 

45 

2 

4,656 

1,304 

♦Inferior  activities 


growing  season  is  too  short  to  have  two  crops  if  9°  C  is  the  lower  lethal 
temperature.  For  one  crop,  stocking  on  week  14  or  later  is  the  only 
noninferior  activity. 

One  noticeable  difference  between  results  from  the  original  model  and 
results  from  sensitivity  analysis  is  that  the  maximum  RASC  declined  and 
standard  deviation  increased.  Table  7  shows  that  RASC  standard 
deviation  increases  greatly  after  week  40  and  the  means  RASC  increases 
little.  A  manager  wishing  to  avoid  risk  probably  would  prefer  harvesting 
in  week  40  rather  than  week  42.  Comparing  results  of  harvesting  where 
RASC  is  a  maximum  with  harvesting  in  week  40  shows  the  only 
noninferior  activity  is  stocking  in  week  16. 

In  the  methodology  section,  it  was  suggested  that  in  spring  the  ground 
was  cold  from  winter  and  in  autumn  it  was  warm  from  summer.  This 
suggests  a  possibility  that  the  lethal  temperature  is  higher  in  spring  than 
in  autumn.  Shrimp  would  not  have  the  opportunity  to  bury  in  the  mud 
in  spring  to  escape  cold  water  as  they  would  in  autumn  because  the 
ground  is  also  cold.  In  spring,  the  shrimp  are  small  and  probably  more 
susceptible  to  being  killed  by  cold  water  temperatures.  With  this  in  mind, 
it  was  assumed  that  the  lower  lethal  temperature  in  spring  was  9°  C  but 
was  4°  in  autumn.  Table  8  shows  that  activity  1  has  the  highest  RASC 
and  the  lowest  standard  deviation.  All  other  activities,  however,  are 
inferior  to  activity  1.  A  manager  would  always  want,  under  these 
assumed  conditions,  to  stock  after  and  harvest  before  the  probability  of 
a  kill-off  becomes  positive. 
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Conclusions 

The  effect  of  temperature  variation  on  economic  performance  of  a 
penaeid  shrimp  grow-out  operation  was  reported  for  geographical 
locations  where  crops  per  growing  season  and  stocking  data  are 
considered  as  decision  variables.  Temperature  has  an  effect  on  growth 
and  mortality. 

Stocking  one  crop  is  a  profitable  activity  with  minimum  risk  when  the 
probability  of  below  lethal  temperature  is  zero  (activity  1).  Five 
noninferior  activities  that  stocked  two  crops  per  year,  however,  had 
higher  RASC  but  also  considerably  more  risk  than  acitivity  1. 

As  the  close  of  the  season  draws  near,  cold  temperatures  cause  growth 
to  slow.  Maximization  of  expected  RASC  occurred  before  the  first  die¬ 
off  after  which  risk  increased  substantially  for  all  activities.  The 
sensitivity  analysis  emphasized  the  contribution  of  time  to  production  of 
two  crops  per  season.  When  the  lower  lethal  pond  temperature  was 
changed  from  4°  to  9°  C  at  the  beginning  of  the  season,  then  all  two- 
crop  activities  became  inferior  activities.  The  effect  of  temperature  on 
growth  was  seen  to  be  more  important  for  economic  performance  of 
shrimp  grow-out  operations  than  in  determination  of  the  lower  lethal 
limit  when  nonrisk  activities  were  considered.  The  opposite  is  concluded 
about  the  risky  activities  that  become  noninferior. 

Only  a  few  stocking  alternatives  were  considered  in  this  study,  and  all 
of  them  were  predetermined  before  the  season.  Allowing  switching  from 
activity  to  another  throughout  the  growing  season  yielded  a  large  number 
of  activities.  The  problem  that  the  farmer  faces  is  defining  the  optimal 
path  of  activities  that  maximizes  his  objectives. 

It  is  necessary  to  restate  that  the  values  reported  in  this  analysis 
represent  mean  values  obtained  through  an  iterative  procedure.  As  such, 
they  simulate  what  can  be  expected  to  occur,  on  average,  given  the 
assumptions  of  the  model.  For  the  manager  of  a  shrimp  production 
operation,  the  best  use  of  this  study  is  as  an  aid  in  deciding  what  type 
of  production  strategy  to  undertake.  Scientists  may  find  the  result  of  this 
study  valuable  in  indicating  direction  for  further  research. 
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Abstract. — A  modified  Robertson-Walker  metric  is  presented.  A  brief  descriptive 
summary  of  previous  results,  particularly  for  the  time  prior  to  the  initial  singularity  of 
standard  model  cosmology,  is  given.  The  modified  Robertson-Walker  metric  can  be  used 
to  remove  the  inconsistency  in  interpretations  of  the  present  day  values  of  the  deceleration 
parameter  (closed  universe)  and  average  density  of  the  universe  (open  universe).  While  a 
resolution  of  the  inconsistency  can  be  made  to  support  either  an  open  or  closed  universe, 
an  observational  result  reported  in  1983  appears  to  favor  a  resolution  that  supports  an  open 
universe.  Discussions  concerning  the  determination  of  two  parameters  associated  with  the 
modified  Robertson-Walker  metric  are  presented.  More  importantly,  the  modified 
Robertson-Walker  metric  may  make  the  long  range  predictions  for  the  universe,  such  as 
“heat  death”  or  eventual  collapse,  doubtful  because  they  are  based  on  an  incorrect 
assumption  regarding  cosmological  time,  which  could  have  an  innovative  aspect  to  it.  Key 
words:  Robertson-Walker  metric;  initial  singularity;  deceleration  parameter;  average  density 
of  universe. 

The  following  modified  Robertson-Walker  metric  has  been  studied  to 
determine  if  solutions  can  be  obtained  for  a  time  (t<0)  prior  to  the  initial 
singularity  of  standard  model  cosmology  (Corsiglia,  1983): 

ds2  =  ef(x0,(dx°)2  -  eh<x°’da2,  ( 1 ) 

do2  =  [  1  +  kr2  /  (4L2)]'2[dr2  +  r2d02  +  r2sin2(0)dd>2].  (2) 

A  photon  gas  model  with  ef  =  eh  (or,  equivalently,  da/dx°  =  1),  which 
reduces  equation  (1)  to  a  metric  that  is  initially  conformal  to  flat  space- 
time  for  k  =  0,  was  used.  Physical  solutions  for  temperature  T  and 
density  D  were  obtained  for  k  =  0,  —  1  (open  universes);  an  unphysical 
solution  was  obtained  for  k  =  +1  (closed  universe).  In  the  two  open 
universes,  this  model  describes  an  increase  of  photon  density  from  zero 
at  t  m  — 00  until  pair  production  begins  as  t  =  0  is  approached.  Solutions 
for  t>0  eras  were  obtained  with  no  change  from  the  usual  Robertson- 
Walker  metric  for  the  radiation  and  pressure-free  eras  and  with  a  change 
based  on  the  elementary  particle  model  for  eras  prior  to  the  radiation 
era.  Solutions  can  be  matched  at  t=0  to  remove  the  singularity  in  the 
density  at  t=0;  however,  the  slope  of  the  density  function  remains 
discontinuous  at  t=0.  The  lack  of  symmetry  for  t<0  and  t>0  is  assumed 
to  be  produced  by  the  same  process  that  produces  the  matter-antimatter 
asymmetry,  a  process  presumably  due  to  the  high  density  and 
temperature  at  t— 0. 
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An  objection  that  has  been  raised  to  using  equation  (1)  is  that  the 
transformation  t '  =  /  e'  dt  eliminates  the  function  e{,  leaving  one  with  the 
standard  Robertson-Walker  metric.  One  can  find  a  physical  reason  for 
considering  equation  (1)  by  using  the  following  heuristic  argument  to 
challenge  a  statement  due  to  Hoyle:  “  .  .  .  Friedmann  models  require 
creation  of  matter,  but  they  cannot  describe  it  in  mathematical  terms.  .  .  ” 
(Tauber,  1979).  Because  the  challenge  requires  finding  a  cosmological 
metric  that  will  describe  a  universe  that  has  an  initial  energy  of  zero,  one 
expects  a  flat  space-time  metric  to  be  involved,  specifically,  (dx°)2— da2 
with  k=0.  However,  because  the  energy  density  is  to  be  a  nonzero 
function  of  time,  then  one  can  write  for  the  initial  metric: 

ds2  =  ef,x  '[(dx°)2  — dcr2].  (3) 

Equation  (3)  represents  a  metric  that  is  conformal  to  a  flat  space-time 
metric.  Next,  k=0,  ±1  is  reintroduced  and  the  metric  described  in  the 
previous  paragraph  is  obtained.  In  addition,  as  t  approaches  zero  from 
below,  ds2  ceases  to  be  conformal  to  (dx°)2  —da2  when  pair  production 
begins:  a  metric  of  the  form  of  equation  (1)  with  f^h  (or,  da  /  dx°  7^  1) 
results  (Corsiglia,  1983).  If  the  initial  metric  of  the  universe  is  assumed 
to  be  a  metric  that  includes  the  possibility  of  being  conformal  to  flat 
space-time  while  retaining  the  features  of  the  Robertson-Walker  metric, 
then  transforming  ef  to  one  in  the  time  component  of  the  metric  would 
not  be  permitted.  Also,  there  is  no  a  priori  reason  to  believe  that  a 
cosmological  time  interval  (dx0)2  in  the  present  should  not  be  modified 
for  the  radiation  era  or  the  era  near  t=0,  when  high  density  and 
temperature  are  present.  Consequently,  if  one  can  determine  that 
equation  (1)  results  due  to  the  evolution  of  the  universe  from  equation 
(3),  then  e‘  7^  1  must  be  considered  even  for  t>0.  In  conclusion,  not  only 
can  an  open,  modified  Friedmann  model  describe  the  creation  of  energy, 
it  can  do  so  without  violating  the  law  of  conservation  of  energy-matter 
that  is  inherent  in  Einstein’s  field  equations. 

As  a  mathematical  transformation  of  the  Robertson-Walker  metric  and 
without  considering  that  the  Robertson-Walker  metric  may  have  evolved 
from  it,  equation  (3)  has  been  studied  extensively  in  order  to  describe 
cosmological  particle  creation  in  a  quantum  field  theory  approach  (Birrell 
and  Davies,  1982). 

Modified  Deceleration  Parameter  and  Critical  Density 

The  purpose  of  this  paper  is  to  examine  the  effect  on  pressure-free  era 
values  of  the  deceleration  parameter  and  critical  density  if  ef  ^  1.  It  is 
assumed  that  e1  is  nearly  one  and  is  time  dependent.  The  expressions  for 
red  shift  z,  present  day  Hubble  parameter  H0,  present  day  density  D0, 
deceleration  parameter  qG,  and  apparent  magnitude  m0  are: 
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Z  =  (Ro/  Re)exp[1/2(fe-fo)]  —  1,  (4) 

Ho  =  [(Ro  /  Ro)-1/2fo]exp(-i/2fo),  (5) 

Do  -  [3/(8ttG)]  [H0+'/2fo  exp  (-'/2f0)]2  =  3c2k /  (8ttGR02),  (6) 

qG  =  -RoRo  /  Ro2  =  'A  A  /  (A-kRo)  -  »/2(Ro  /  R0)f0,  (7) 

mQ  =  51ogio(cz)  +  1.086(1— Q0)z  +  constant,  (8) 

Qo  =  -1  +  [l+q0+!/2(Ro2/  R02)fo][l+!/2(fo/Ho)exp  (->/2f0)]2,  (9) 


in  which  R  is  the  cosmological  scale  factor  and  A  is  a  constant  (Adler 
et  al.,  1975;  Corsiglia,  1983).  The  second  term  on  the  LHS  of  equation 
(6)  is  the  modified  critical  density.  Q0  represents  the  modified 
deceleration  parameter,  replacing  qG  as  the  observed  quantity. 

Qo,  Do,  k  and  Observational  Results 

For  the  purpose  of  calculation  let  f0  =  a(R0/R0)  and  f0  =  b(R0/R0) 
with  a  and  b  real  numbers.  From  equation  (5)  one  sees  that  a<2  is 
required  in  order  that  Ho>0.  Substituting  into  equations  (7)  and  (6),  the 
result  is: 

</2A/ (A-kRo)  =  qQ+  */2a  =  [(2-a)2(l+Qo)-4]/[2(2-b)]  +  >/2a,  (10) 

Do  -  [3 Ho2  /  (8ttG)][2  /  (2— a)]2  =  3c2k  /  (87tGR„2).  (11) 

The  observed  values  of  Qc  and  D0  can  be  taken  to  be  (Adler  et  al.,  1975; 
Bean  et  al.,  1983): 


Qo  =  1.0+0. 5,  (12) 

Do  =  [3H„2/  (87rG)][0.14  X  2±1].  (13) 

For  an  unmodified  Robertson- Walker  metric,  equation  (12)  implies  that 
the  universe  is  closed  and  equation  (13)  implies  that  the  universe  is  open: 
an  inconsistency  exists  for  these  observational  results.  For  the  modified 
Robertson-Walker  metric,  equation  (10)  yields  k=0  if  the  RHS  has  the 
value  one  half,  k=  —1  if  the  RHS  has  a  value  less  than  one  half,  and 
k=  +1  if  the  RHS  has  a  value  greater  than  one  half.  The  following 
results  can  then  be  obtained  from  equations  (10)  and  (12): 


k  =  0 

a  =  a+,a_, 

(14) 

b<2,  k  =  — 1 

a_<a<a+, 

(15) 

b<2,  k  =  +l 

a<a_;a>a+, 

(16) 
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b>2,  k  =  - 1  a<a_;a>a+,  ( 1 7) 

b>2,  k  =  + 1  a_<a<a+,  ( 1 8) 

a±  =  i/2[3+1/2b±»/2(b2  +  4b  +  20) l/2].  (19) 

Using  equation  (11),  equation  (13)  can  hold  in  a  closed  universe  if 
a<— 3.35  or  a>7.35.  Because  a<2  is  required,  then  a<— 3.35  is  the 
restriction  for  equation  (13)  to  be  valid  in  a  closed  universe.  Using  Table 
1  and  equations  (16)  and  (18),  a<— 3.35  implies  a  closed  universe  for  the 
observational  values  of  both  D0  and  Q0  for  all  values  of  b<2  included 
in  the  table.  Similarly,  using  Table  1  and  equation  (15),  — 0.28<a<1.78 
implies  an  open  universe  for  the  observational  values  of  both  D0  and  Q0 
if  b  =  —3,  for  example.  Consequently,  the  modified  Robertson-Walker 
metric  of  equation  (1)  can  be  used  to  remove  the  current  inconsistency 
in  the  interpretations  of  the  observed  values  of  the  deceleration  parameter 
(closed  universe)  and  the  average  density  of  the  universe  (open  universe) 
should  all  other  attempts  at  removal  fail  (for  example,  searching  for  a 
nonzero  neutrino  rest  mass).  If  it  is  assumed  that  an  effect  due  to  the 
time  part  of  the  metric  is  small  (a  and  b  near  zero),  then  the 
observational  result  expressed  in  equation  (13)  and  the  results  of  Table 
1  favor  a  resolution  in  support  of  an  open  universe  because  a  can  be  as 
low  as  approximately  0.38  for  b  approximately  zero  for  an  open  universe, 
whereas  equation  (12)  requires  a<— 3.35  for  a  closed  universe. 

Determination  of  Parameter  a 

Because  the  value  of  the  scale  factor  Rc  is  not  known,  the  restriction 
that  equation  (11)  can  only  be  used  to  calculate  parameter  a  for  the  k=0 
universe  applies.  Consequently,  a  measurement  of  the  average  density  of 
the  universe,  D0,  would  be  insufficient  to  determine  parameter  a  for  the 
k=±l  cases  using  equation  (11)  until  a  value  for  R0  is  determined 
independently. 

A  method  that  could  be  used,  at  least  in  principle,  to  determine  a  value 
for  parameter  a  makes  use  of  the  observation  that  nearby  galaxies  do  not 
seem  to  participate  in  the  cosmic  expansion  because  of  their  random 
velocities.  Hence,  a  spectral  frequency  shift  for  the  light  from  a  nearby 
galaxy  would  be  due  to  a  cosmic  expansion  speed  vc,  the  radial 
component  vr  of  the  random  motion  of  the  galaxy,  the  transverse 
component  of  the  random  motion  of  the  galaxy,  and  a  possible  time 
effect  due  to  the  term  ef.  The  pure  time  dilation  red  shift  due  to  a 
transverse  speed  is  a  second  order  effect  in  the  nonrelativistic  limit  and 
so  will  be  neglected  in  the  following  analysis  that  makes  use  of  the  linear 
Hubble  relation  for  nonrelativistic  speeds.  Hence,  in  lowest  order,  the 
frequency  shift  would  be  given  by: 


cz  =  H0L  +  vr  =  [(Ro/Ro)—  l4fo][exp(—  !/2f0)]L  +  vr. 


(20) 
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Table  I.  Evaluation  of  equation  (19). 


b  3  2.5  1.5  1  0  -1-2  -3 

a+  3.86  3.63  3.20  3.00  2.62  2.28  2.00  1.78 

a  0.65  0.62  0.55  0.50  0.38  0.22  0.00  -0.28 


Because  ef  has  been  assumed  to  be  approximately  one,  the  exponential 
term  is  neglected  in  the  following  development.  With  vc  =  (R0  /  Ro)L,  one 
has: 


CZ  =  Vc  +Vr  —  Vl- foL.  (21) 

If  a  galaxy  were  observed  for  which  vc  +vr  =  0  (a  nearby  galaxy  that 
would  have  a  small  transverse  speed  and  a  zero  net  radial  speed  relative 
to  an  observer  on  earth),  then  a  nonzero  frequency  shift  would  imply  that 
f0  7^  0,  while  a  zero  frequency  shift  would  imply  fG  =  0.  If  fD  ^  0,  then 
Ro/Ro  could  be  obtained  from  equation  (5).  The  parameter  a  could  then 
be  obtained  from  f0  =  a(R0/  Ro). 

An  implication  of  a  nonzero  value  for  parameter  a  is  that  quasi-stellar 
objects  could  have  radial  speeds  of  recession  less  than  (if  a<0)  or  greater 
than  (if  a>0)  those  currently  thought  to  exist  because  a  time  effect  as 
well  as  a  Doppler  effect  would  contribute  to  the  measured  red  shift. 
While  quasi-stellar  objects  are  generally  regarded  to  be  beyond  the  range 
to  which  the  linear  Hubble  relation  can  be  applied,  one  would  expect 
that  time  effect  and  Doppler  effect  would  reinforce  (oppose)  each  other 
in  distant  regions  if  they  reinforced  (opposed)  each  other  in  near  regions. 

Determination  of  Parameter  b 

The  discussion  following  equation  (19)  contains  two  limitations.  First, 
a  definite  value  for  parameter  b  is  not  determined.  Second,  there  exists 
a  range  of  values  for  parameter  a  that  will  not  resolve  the  question  of 
whether  the  universe  is  closed  or  open.  For  example,  — 3.35<a<— 0.28, 
if  b=— 3,  implies  an  open  universe  for  the  D0  value  of  equation  (13)  but 
a  closed  universe  for  the  Q0  value  of  equation  (12),  using  equation  (16). 
The  basis  for  the  second  limitation  can  be  found  by  generalizing  that 
previous  discussion.  Replacing  0.14  X  2±[  in  equation  (13)  by  the  cosmic 
density  parameter  (L  and  using  equation  (11),  one  has: 


k  =  0  a  =  A_;A+, 

(22) 

k  =Hl  A_<a<A+, 

(23) 

k  =  +l  a<A_;a>A+, 

(24) 

a±  =  2[i±(nrq. 

(25) 

Next,  rewrite  equation  (19)  for  Q0  restricted  to  Q0>~  1 : 
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a±  =  [>/2(1+Qo)_1]{2  +  4Q0  +  b±[b2  +  4Q0b+4(3+2Q0)],/2}.  (26) 

Because  a±  and  A±  are  not  equal  in  general,  the  second  limitation 
discussed  above  exists.  However,  using  equation  (10)  to  find  an 
expression  for  the  flat  space  value  of  parameter  b,  termed  bG  here,  one 
finds: 


k  =  0  b0  =  2  -  [( 1  +Q»)(2— a)2— 4](  1  -a)' 1 .  (27) 

If  the  universe  can  be  assumed  to  be  nearly  flat,  then  observational 
results  for  parameters  Q0  and  a  should  provide  an  estimate  for  the  value 
of  parameter  b  by  using  equation  (27). 

A  discussion  of  the  special  case  for  a  flat  universe,  b  =  2,  that  permits 
a±  and  A±  to  be  equal  will  be  presented.  The  consequences  of  assuming 
a  nearly  flat  universe  will  then  be  examined  for  this  special  case.  Using 
equation  (26),  the  result  is: 

b  =  2  k  =  0  a±  =  2[l±(l+Qo)_l/2].  (28) 

Comparing  equations  (25)  and  (28),  both  of  which  describe  the  k  =  0 
case,  one  finds: 


b  =  2  k  =  0  n=l+Q0.  (29) 

If  observational  results  for  the  parameters  Q0  and  a  yield  a  value  for  bG 
near  two,  then  equation  (29)  would  be  approximately  accurate.  If  b0 
differs  greatly  from  two,  then  equation  (29)  would  not  be  accurate. 
Continuing  with  the  case  for  which  parameter  b  is  approximately  two 
and  the  universe  nearly  flat,  one  expects  that  Q0  and  fl  are 
approximately  related  by  equation  (29)  and  that  a±  and  A±  are 
approximately  equal.  However,  equations  (12)  and  (13)  indicate  that  Q0 
=  +1  and  H  =  0.14.  If  Q0  =  1.0+0. 5  is  taken  to  be  accurate,  then  O 
=  2+0.5  would  be  necessary  to  produce  a  nearly  flat  universe  with  b 
approximately  two:  a  large  amount  of  “missing  mass”  would  need  to  be 
found.  If  O  =  0.14  X  2±1  is  taken  to  be  accurate,  then  — 0.93<Qo<_ 0.72 
would  be  necessary  to  produce  a  nearly  flat  universe  with  b 
approximately  two.  Examining  equations  (7)  and  (9)  and  using  the 
relation  fG  =  b(R0/  Ro),  Qo<0  still  allows  Ro<0  if  fo<0. 

In  order  to  determine  whether  the  universe  is  closed  or  open  for  this 
special  case,  the  following  steps  would  be  necessary.  First,  the  existence 
of  the  time  effect  due  to  e‘  must  be  established  by  an  observational  result 
that  reveals  nonzero  parameter  a.  Second,  values  for  Q0  and  fl  that 
approximately  satisfy  equation  (29)  must  be  observed.  Third,  equation 
(27)  should  yield  a  value  of  b«  near  but  less  than  two.  The  third 
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requirement  is  determined  by  comparing  equations  (15)  and  (16)  with 
equations  (23)  and  (24)  and  noting  that  a±  and  A±  are  approximately 
equal  for  this  special  case.  Fourth,  using  equations  (23)  and  (24),  if  the 
observational  result  for  parameter  a  is  such  that  a<A_,  then  the  universe 
would  be  closed;  if  A_<a,  then  the  universe  would  be  open.  A_  is  chosen 
in  preference  to  A+  because  of  the  restriction  a<2. 

Conclusions 

Using  the  assumption  that  the  initial  metric  of  the  universe  includes  the 
possibility  of  being  conformal  to  flat  space-time  in  order  to  describe  the 
presence  of  zero  energy-matter,  one  can  describe  a  cosmological  evolution 
to  a  modified  Robertson-Walker  metric.  The  use  of  this  modified 
Robertson-Walker  metric  makes  it  clear  that  measurements  of  matter 
density  and  deceleration  parameter  may  be*  insufficient  in  themselves  to 
determine  if  the  universe  is  closed  or  open  as  indicated  in  a  previous 
section.  Consequently,  the  predictions  of  “heat  death”  or  collapse  may 
not  be  the  only  possibilities  for  the  long  range  future  of  the  universe  due 
to  the  evolutionary  oeffect  of  the  function  ef(x  ]  in  equation  (1).  The 
assumption  that  ef(x  }  =  1  may  be  responsible,  in  classical  general 
relativity,  for  the  following  concepts:  the  initial  singularity,  collapse  of 
the  universe,  heat  death  of  the  universe.  Removing  this  assumption,  for 
which  there  is  no  physical  (dynamical)  basis  but  only  a  mathematical 
(kinematical)  basis,  may  remove  these  concepts  from  being  part  of  the 
history  of  the  universe.  The  mathematical  basis  for  ef(x  ]  =  1  is  found  in 
the  idea  of  the  co-moving  system  of  coordinates:  one  works  backward 
from  the  present  expanding  universe.  However,  it  can  be  shown  that  the 
co-moving  system  is  not  lost  for  f  a  nonzero  function  of  x°.  Hence, 
working  forward  in  time,  equation  (1)  can  be  used  to  give  a  physical 
description  of  the  origin  of  energy-matter  in  the  universe  as  well  as  a 
kinematical  description  of  the  present  expanding  universe. 
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THE  SANDERS  COVE  PINES:  VEGETATION AL  ANALYSIS 
OF  A  PINUS  ECHINATA-QUERCUS  ALBA  COMMUNITY 
IN  NORTHERN  LAMAR  COUNTY,  TEXAS 

Robert  E.  Wilson  and  David  Hacker 

Department  of  Biological  Sciences,  East  Texas  State  University 
Commerce,  Texas  75428 

Abstract. — The  Sanders  Cove  pine-oak  forest  is  an  isolated  mature  stand  of  timber  that 
is  mostly  within  the  confines  of  the  Pat  Mayse  Reservoir  project  boundary.  The  forest 
showed  three  distinct  layers.  The  canopy  was  dominated  by  Pinus  echinata  and  Quercus 
alba.  The  largest  trees  sampled  were  112  centimeters  in  diameter  and  35  meters  in  height. 
Dominant  species  in  the  shrub-seedling  layer  were  Q.  alba  and  Rhus  toxicodendron.  All 
but  two  of  the  more  important  canopy  species  were  found  in  this  layer.  The  herbaceous 
layer  was  poorly  developed.  Dominant  species  were  Cynodon  dactylon  and  Panicum 
oligosanthes.  Key  Words :  Pinus;  Quercus;  vegetational  analysis;  relict  communities;  Texas. 

Field  investigations  were  conducted  from  March  through  August,  1984, 
and  from  March  through  October,  1985,  to  determine  the  vegetative 
characteristics  of  an  isolated  stand  of  pine-oak  forest  in  northern  Lamar 
County,  Texas.  This  stand  is  located  approximately  18  kilometers  north 
of  Paris,  Texas,  and  one  kilometer  west  of  U.S.  Highway  271,  just  off 
Texas  Farm  Road  906.  This  isolated  forest  is  at  the  north  end  of  Pat 
Mayse  Reservoir,  mostly  on  land  administered  by  the  U.S.  Army  Corps 
of  Engineers.  The  forest  is  approximately  2.5  kilometers  east-to-west  and 
5.0  kilometers  north-to-south.  The  western  boundary  is  the  eastern  shore 
of  Sanders  Cove,  although  a  few  pines  are  located  on  the  western  shore 
of  the  cove.  The  northern  edge  of  the  stand  is  about  half-way  between 
Farm  Roads  197  and  906  and  roughly  parallels  these  two  highways.  On 
the  east,  the  edge  of  the  pine  community  is  west  of,  and  parallels,  the 
St.  Louis,  San  Francisco  and  Texas  Railroad.  The  southern  limit  of  the 
stand  lies  to  the  north  of  a  poorly  maintained  paved  road  that  runs  west 
from  the  community  of  Powderly. 

The  study  area  lies  near  the  boundary  of  Tharp’s  (1926,  1939)  oak- 
hickory  forest  and  blackland  prairie;  he  failed  to  recognize  the  pine-oak 
forest  in  the  extreme  northeastern  counties  of  Texas.  McMahan  et  al. 
(1984)  included  the  pine-oak  forests  in  Lamar,  Red  River,  and  Bowie 
counties,  and  showed  the  Sanders  Cove  stand  on  their  map.  Even  though 
the  major  forest  area  is  about  40  kilometers  east  of  this  relict  community, 
the  Sanders  Cove  stand  should  be  recognized  as  the  western  limit  of  the 
pine-oak  forests  in  northeastern  Texas. 

There  is  evidence  of  extensive  lumbering  in  northern  Lamar  County 
after  the  turn  of  the  century.  Tree  cores  showed  that  the  oldest  pines  in 
this  stand  are  77  years  old.  There  is  no  data  to  suggest  that  the 
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hardwoods  have  ever  been  harvested,  nor  is  there  evidence  of  any 
lumbering  since  about  1910.  The  stand  has  been  under  the  control  of  the 
federal  government  since  1941.  First  purchased  for  construction  of  Camp 
Maxey,  it  later  became  the  property  of  the  Texas  National  Guard.  In 
1961,  it  became  the  site  of  Pat  Mayse  Reservoir  (personal  communication 
from  J.  F.  Cox,  East  Texas  State  University). 

The  climate  of  the  study  area  is  temperate  with  hot  summers  and 
moderate  winters.  The  average  daily  high  and  low  temperatures  are  23°  C 
and  11°C,  respectively.  Record  high  and  low  temperatures  are  44.5°  C 
(1954)  and  19°C  (1951)  (Ressel,  1979).  The  average  annual  rainfall  is  113 
centimeters.  The  rainfall  pattern  is  relatively  uniform,  with  only  slightly 
more  precipitation  in  the  spring  months  than  in  the  rest  of  the  year 
(Ressel,  1979). 

The  terrain  consists  of  rounded  hills  and  ridges  that  are  dissected  by 
numerous  steep-sided  gullies.  Drainage  from  this  stand  is  generally  into 
Pat  Mayse  Reservoir.  Elevations  range  from  about  135  to  about  150 
meters  above  sea  level.  The  loamy  to  sandy-loam  to  clay  soils  are  of  the 
Annona,  Whakana,  and  Whakana-Porum  groups  (Ressel,  1979).  They  are 
acidic  and  tend  to  be  moderately  well  drained.  Substrata  are  red  clay  or 
clay  and  shale. 


Methods 

Forty-eight  nested  quadrats  arranged  at  10-meter  intervals  along  a  series  of  four  transects 
were  used  to  sample  the  study  area.  Woody  plants  more  than  0.5  centimeters  in  diameter 
at  about  1.4  meters  above  the  soil  surface  (diameter  at  breast  height  =  dbh  >  0.5 
centimeters)  were  measured  and  recorded  by  species  from  quadrats  of  25  square  meters  (five 
by  five  meters).  Ages  of  canopy  trees  were  determined  by  growth  ring  counts  taken  from 
cores  collected  with  a  1.0  centimeter  by  0.9  meter  increment  borer.  Heights  of  trees  were 
measured  with  a  clinometer. 

Smaller  shrubs  and  seedlings  were  recorded  by  species,  and  coverage  in  square 
centimeters  was  estimated  for  each  from  quadrats  of  four  square  meters  (two  by  two 
meters).  Shrub  quadrats  were  located  in  the  initial  corners  of  each  nest  of  quadrats.  A  list 
of  herbaceous  species  was  made,  and  coverage  was  estimated  for  each  from  one-meter- 
square  quadrats,  also  located  at  the  initial  corners  of  each  nest  of  quadrats.  Clumps  of 
rhizomatous  plants  were  treated  as  individual  plants. 

Quadrat  data  were  used  to  calculate  the  importance  value  of  each  species.  Importance 
values  were  the  sums  of  relative  density,  relative  frequency,  and  relative  dominance. 
Relative  dominance  for  woody  species  of  greater  than  0.5  centimeters  dbh  was  based  on 
basal  areas.  For  other  plants,  dominance  was  based  on  coverage  in  square  centimeters. 
Shannon-Weiner  diversity  indices  were  calculated  for  each  of  the  three  forest  layers  and  for 
the  community  as  a  whole  by  the  method  described  in  Barbour  et  al.  (1980) 

Correll  and  Johnson  (1970),  Gould  (1975),  and  Vines  (1960)  served  as  the  major  guides 
for  identification.  Taxonomic  designations  are  those  of  Correll  and  Johnson  (1970).  Soil 
nutrients  and  pH  were  determined  by  means  of  a  Hellige-Troug  Combination  Soil  Test  kit. 
Particle  size  distribution  was  determined  by  the  Bouyocos  hydrometer  method  (Bouyocos, 
1962). 
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Table  1.  Analyses  of  surface  soils  from  four  different  locations  in  the  study  area. 


Particle  size 

Mineral  Nutrient  (ppm)  distribution  (%) 


Sample 

pH 

P 

K 

Ca 

Mg 

no3 

nh4 

Sand 

Silt 

Clay 

Texture 

I 

6.0 

15.8 

37.8 

472.8 

<150 

<3 

<3 

74 

13 

13 

Loamy- 

sand 

2 

6.0 

22.1 

50.4 

1260.9 

<150 

3 

<3 

85 

7 

8 

Sandy-loam 

3 

7.2 

<15.8 

75.7 

693.5 

<150 

<3 

<3 

67 

8 

25 

Sandy-loam 

4 

6.0 

<15.8 

63.0 

693.5 

<150 

3 

<3 

53 

28 

18 

Sandy-loam 

Results 

Soils 

Soil  pH  and  texture  and  the  concentrations  of  major  soil  nutrients  are 
shown  in  Table  1. 

Canopy  Species 

The  forest  has  distinct  canopy,  shrub  and  seedling,  and  herbaceous 
layers.  Trees  in  the  canopy  ranged  up  to  112  centimeters  in  diameter  and 
35  meters  in  height.  Several  of  the  largest  Pinus  echinata  Mill,  and 
Quercus  alba  L.  were  cored  in  the  summer  of  1984.  All  of  the  large  P. 
echinata  were  then  75  years  old.  The  largest  Q.  alba  was  256  years  in 
age  and  32  meters  tall.  The  largest  trees  were  irregularly  distributed 
throughout  the  stand  and  formed  a  closed  canopy  with  no  natural 
openings.  The  canopy  was  dominated  by  P  echinata.  Q.  alba  was  the 
next  most  important  species  (Table  2).  The  most  important  lower  canopy 
tree  was  Ulmus  alata  Michx.  Less  commonly  encountered  were  Q.  falcata 
Michx.,  Q.  marilandiea  Muench.,  Q.  nigra  L.,  three  species  of  Carya,  U. 
crassifolia  Nutt.,  and  Cornus  florida  L.  The  two  species  of  Ulmus  and 
C.Jlorida  tended  to  form  dense  thickets  of  saplings  in  some  areas. 

All  of  the  major  tree  species  were  found  in  sizes  ranging  from  seedlings 
and  saplings  to  mature  individuals  (Table  3).  The  greatest  number  of 
individuals  for  most  species  was  in  the  one-  to  10-centimeter  class. 
Diameters  of  11  centimeters  or  larger  were  found  in  only  seven  species. 
Only  P  echinata  and  Q.  alba  had  diameters  of  5 1  centimeters  or  more. 

Shrubs  and  Seedlings 

The  shrub  and  seedling  layer  was  dominated  by  Q.  alba  and  Rhus 
toxicodendron  L.,  which  together  made  up  34.9  percent  of  the  combined 
importance  values  (Table  4).  All  of  the  major  tree  species  except  U. 
crassifolia  were  found  in  this  layer.  Most  of  the  additional  species  were 
woody  vines. 
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Table  2.  Relative  density,  relative  dominance3,  relative  frequency,  and  importance  values'5 
for  woody  species  in  the  canopy. 


Species 

Relative 

density 

(%) 

Relative 

dominance 

(%) 

Relative 

fequency 

(%) 

Importance 

value 

Pinus  echinata 

36.46 

67.15 

17.86 

121.47 

Quercus  alba 

11.62 

12.15 

13.00 

36.77 

Ulmus  alata 

9.44 

2.72 

10.16 

22.32 

Quercus  falcata 

4.49 

7.79 

6.90 

18.88 

Quercus  marilandica 

5.94 

2.94 

7.72 

16.60 

Quercus  nigra 

2.17 

3.65 

5.28 

11.10 

Ulmus  crassifolia 

4.36 

0.26 

6.10 

10.72 

Carva  tomentosa 

3.48 

0.61 

6.10 

10.19 

Cornus  florida 

5.23 

0.93 

3.26 

9.42 

Carya  texana 

2.75 

0.85 

2.85 

6.45 

Ilex  decidua 

3.19 

0.03 

2.85 

6.07 

Callicarpa  americana 

1.60 

0.02 

3.65 

5.27 

Quercus  stellata 

1.16 

0.23 

2.44 

3.83 

Carya  ovata 

0.73 

0.09 

1.62 

2.44 

Smilax  bona-nox 

1.45 

<0.01 

0.82 

2.27 

Vitis  candicans 

0.58 

0.01 

1.62 

2.21 

Rhus  toxicodendron 

1.31 

<0.01 

0.82 

2.13 

Others" 

4.05 

0.84 

6.15 

11.90 

Total 

99.98 

99.36 

100.02 

299.36 

"“Relative  dominance  is  derived  from  basal  areas  for  canopy  species. 
bSums  of  relative  density,  relative  dominance  and  relative  frequency. 

cOther  species  (in  decreasing  order  of  importance  value):  Ilex  vomitoria ,  Forestiera 
pubscens,  Prunus  mexicana,  Acer  rubrum,  Crategus  crus-galli.  Juniperus  virginiana , 
Campsis  radicans ,  Betula  nigra ,  Lonicera  simpervirens ,  Rhus  copallina. 


Herbaceous  Vegetation 

Spring  flora  consisted  of  many  species  of  wildflowers  blooming  in 
profusion  in  camp-grounds  and  along  roadsides,  but  quadrat  studies  of 
undisturbed  areas  revealed  only  12  species  of  herbaceous  plants.  The 
dominant  herbaceous  plant  was  Cynodon  dactylon  (L.)  Pers.,  with  an 
importance  value  of  136.81  (Table  5).  Panicum  oligosanthes  Schult.  was 
second,  followed  by  an  unidentified  species  of  Carex,  which  apparently 
did  not  bloom  during  1985.  Twelve  of  the  48  quadrats  had  no  herbaceous 
plants.  The  density  for  all  herbaceous  plants  combined  was  3.73 
individuals  per  square  meter.  In  the  one-meter-square  quadrats,  95.8 
percent  of  the  area  was  covered  by  litter,  instead  of  herbs. 

Diversity 

Shannon- Weiner  diversity  indices  were  calculated  for  each  of  the  three 
forest  strata  and  for  all  layers  combined.  Diversity  was  greatest  in  the 
canopy  and  lowest  in  the  herbaceous  layer.  The  combined  diversity  was 


Table  3.  Size  classes  and  importance  values  for  major  trees  in  the  canopy  layer3. 
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Table  4.  Relative  density,  relative  dominance3,  relative  frequency,  and  importance  values6 
for  woody  species  in  the  shrub  layer. 


Species 

Relative 

density 

(%) 

Relative 

dominance 

(%) 

Relative 

fequency 

(%) 

Importance 

value 

Quercus  alba 

22.15 

35.21 

16.31 

73.67 

Rhus  toxicodendron 

14.56 

7.68 

8.81 

31.05 

Quercus  stellata 

8.26 

13.19 

3.39 

24.84 

Quercus  nigra 

8.68 

1.47 

9.49 

19.64 

Ilex  decidua 

4.34 

8.71 

4.08 

17.13 

Smilax  bona-nox 

6.72 

1.09 

6.10 

13.91 

Rhus  aromatica 

3.46 

7.43 

2.71 

13.60 

Campsis  radicans 

3.05 

8.00 

2.02 

13.07 

Quercus  marilandica 

2.63 

4.1 1 

4.08 

10.82 

Cornus  florida 

3.25 

3.58 

3.39 

10.22 

Ulmus  alata 

3.46 

<0.01 

4.73 

8.19 

Quercus  falcata 

1.96 

1.76 

4.08 

7.80 

Pinus  echinata 

2.80 

2.02 

2.71 

7.53 

Carya  laciniosa 

1.29 

1.98 

4.08 

7.35 

Carya  tomentosa 

0.88 

2.62 

2.02 

5.52 

Others" 

3.19 

0.91 

7.50 

1 1.60 

Total 

99.66 

101.74 

98.86 

300.06 

aRelative  dominance  is  derived  from  coverage  for  species  in  the  shrub  layer. 
bSums  of  relative  density,  relative  dominance,  and  relative  frequency. 

"Other  species  (in  decreasing  order  of  importance  value:  Ulmus  crassifolia,  Vitis 
candicans,  Clematis  viorna ,  Primus  mexicana ,  Callicarpa  americana ,  Clematis  reticulata , 
Juniperus  virginiana,  Cary  a  texana ,  Menispermum  canadense ,  Crategus  sp.,  Parthenocissus 
quinquefolia ,  Betula  nigra ,  Morus  rubra ,  Crategus  crus-galli ,  Acer  rubrum,  Rhus  copallina , 
Lonicera  sempervirens ,  Rubus  sp.,  7/e.x  vomitoria. 

greater  than  the  diversity  of  any  of  the  three  layers  separately  (see  Table 

6). 


Discussion 

The  Sanders  Cover  short-leaf  pine-white  oak  community  represents  a 
mature,  but  not  virgin  stand  of  timber  that  has  not  been  disturbed  since 
shortly  after  the  turn  of  the  century.  This  was  supported  by  historical 
information  as  well  as  by  the  fact  that  no  mature  P.  echinata  in  the  stand 
were  more  than  75  years  old.  There  was  no  evidence  that  the  hardwoods 
had  ever  been  harvested.  The  Sanders  Cove  forest  was  stratified  into 
three  layers,  with  the  canopy  being  dominated  by  P  echinata  and  Q. 
alba.  Also  important  in  the  canopy  were  four  other  species  of  Quercus , 
two  of  Ulmus ,  and  three  of  Carya. 

The  shrub-seedling  layer  contained  all  but  two  of  the  species  found  in 
the  canopy  and  was  dominated  by  Q.  alba ,  suggesting  that  this  is  a 
climax  community.  Additional  important  species  were  R.  toxicodendron , 
Q.  stellata  Wang.,  Ilex  decidua  Walt.,  Simlax  bona-nox  L.,  and  R. 
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Table  5.  Relative  density,  relative  dominance2,  relative  frequency,  and  importance  values6 
for  species  in  the  herbaceous  layer. 


Species 

Relative 

density 

(%) 

Relative 

dominance 

(%) 

Relative 

fequency 

(%) 

Importance 

value 

Cynodon  dactylon 

24.98 

75.18 

35.65 

136.81 

Panicum  oligosanthes 

36.55 

7.95 

14.24 

58.74 

Carex  sp. 

11.65 

15.42 

16.63 

43.70 

Viola  triloba 

3.35 

1.45 

4.78 

25.54 

Viola  missouriensis 

5.03 

<0.01 

7.18 

12.21 

Solidago  missouriensis 
var.  fasciculata 

5.03 

<0.01 

7.18 

12.21 

Scutlelaria  integrifolia 

5.03 

<0.01 

2.39 

7.42 

Liatris  mucronata 

1.68 

<0.01 

2.39 

4.07 

Monarda  fistulosa 

1.68 

<0.01 

2.39 

4.07 

Sorhum  halepense 

1.68 

<0.01 

2.39 

4.07 

Trifolium  repens 

1.68 

<0.01 

2.39 

4.07 

Verbena  canadensis 

1.68 

<0.01 

2.39 

4.07 

Total 

100.02 

100.00 

100.00 

300.02 

aRelative  dominance  for  herbaceous  species  is  derived  from  coverage. 
bSums  of  relative  density,  relative  dominance,  and  relative  frequency. 


aromatica  Ait.  The  herbaceous  layer  was  rather  poorly  developed,  with 
only  12  species  present.  Dominants  were  C.  dactylon  and  P.  oligosanthes. 
The  average  density  of  the  herbaceous  layer  was  only  3.73  plants  per 
square  meter.  The  summer  months  of  1985  were  extremely  dry,  with  no 
measurable  precipitation  from  early  June  to  mid-September.  The  low 
numbers  of  herbaceous  plants  and  seedlings  may  have  been  due  to  the 
lack  of  moisture. 

Since  it  is  known  that  the  forests  to  the  east  contain  abundant  short- 
leaf  pine  and  white  oak,  we  conclude  that  this  stand  is  a  relict  of  the 
more  extensive  P.  echinata-Q.  alba  forest  of  the  east.  Investigations  in 
Red  River  and  Bowie  counties  should  show  forest  communities  of  similar 
composition.  The  lack  of  previous  studies  in  the  northeastern  corner  of 
Texas  make  additional  investigations  desirable. 


Table  6.  Diversity  indices3  for  canopy,  shrub-seedling,  and  herbaceous  layers  and  for  the 
combined  community. 


Layer 

Diversity 

index 

Number  of 
species 

Canopy 

9.46 

28 

Shrub-seedling 

9.00 

32 

Herbaceous 

7.37 

12 

Combined 

10.43 

44 

‘Shannon- Weiner  method. 
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THE  RIVER  GOBY,  AWAOUS  TAJASICA  (OSTEICHTHYES: 
GOBIIDAE),  CONFIRMED  FROM  THE  LOWER  RIO  GRANDE, 
TEXAS  AND  MEXICO 


Robert  J.  Edwards,  Ted  S.  Sturdivant,  and  Christopher  S.  Linskey 

Department  of  Biology,  Pan  American  University,  Edinburg,  Texas  78539 

Abstract. — The  range  of  the  river  goby,  Axvaous  tajasica,  is  extended  250  kilometers 
northward  to  the  lower  Rio  Grande  of  Texas  and  Mexico.  This  little  known  species  is 
apparently  only  rarely  encountered  in  the  northern  portion  of  its  range.  Key  words :  Texas; 
Rio  Grande;  Gobiidae;  Awaous,  distribution;  ecology. 

The  river  goby,  Awaous  tajasica ,  is  a  little  known  species  that  is  found 
in  freshwater  habitats  primarily  in  the  West  Indies  and  along  the 
Caribbean  coast  of  Central  America  to  Brazil  (Lindquist,  1979).  Its 
northern  distribution  includes  several  scattered  localities  along  the 
Atlantic  and  Gulf  coasts  of  Florida  (Yerger,  1978),  and  it  has  been  found 
in  western  Gulf  of  Mexico  drainages  as  far  north  as  the  Rio  Soto  la 
Marina  in  Mexico  (Castro- Aguirre,  1978;  R.  R.  Miller,  personal 
communication). 

Two  specimens  of  Awaous  tajasica  were  taken  in  a  collection  of  fishes 
from  the  Rio  Grande  (Rio  Bravo  del  Norte)  below  the  Anzalduas 
floodwater  control  dam  six  kilometers  southwest  of  Mission,  Hidalgo 
Co.,  Texas,  on  13  February  1985;  they  have  been  deposited  in  the  Texas 
Natural  History  Collections  (TNHC  12096).  The  following  characteristics 
identify  the  specimens  as  A.  tajasica.  The  two  gobies  (97.7  and  85.0  mm, 
standard  length)  had:  pale  tan  bodies  with  seven  to  eight  dark  blotches 
above  the  midline  (these  blotches  extended  to  the  dorsum,  and  the  last 
three  blotches  formed  bars  on  the  dorsal  surface  when  viewed  from 
above);  venters  white;  caudal  fins  with  four  to  six  dark  bands;  dorsal  fins 
with  similar  bands  and  coloration;  anal  fins  white.  Both  specimens  had 
numerous  small  teeth,  six  dorsal  spines,  and  1 1  dorsal  and  1 1  anal  rays. 
The  larger  and  smaller  of  the  individuals  possessed  78  and  80  scales  in 
the  lateral  series,  24  and  22  scales  between  the  origin  of  the  dorsal  and 
anal  fins,  maximum  depths  of  17.3  and  16.4  percent  of  standard  length, 
and  head  lengths  of  26.9  and  29.3  percent  of  standard  length, 
respectively.  The  numerous  small  scales  are  especially  diagnostic  for  A. 
tajasica. 

Both  specimens  were  taken  in  the  mainstream  of  the  Rio  Grande  in 
a  pool  lined  with  square  slab-sided  boulders.  Water  temperature  was  14° 
C  and  the  water  was  clear  with  moderate  to  swift  flow.  Little  detritus, 
sand,  or  other  fine  substrates  were  present  in  the  capture  locality.  Other 
species  taken  in  this  pool  included  Astyanax  mexicanus,  Pimephales 
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vigilax,  Notropis  lutrensis,  Ictalurus  punctatus,  Strongylura  marina, 
Morone  crysops,  Micropterus  salmoides,  Lepomis  macrochirus,  and  L. 
microlophus.  In  adjacent  habitats,  other  fishes  taken  in  the  collection 
were  Dorosoma  cepedianum,  D.  petenense,  Notropis  braytoni,  Fundulus 
grandis,  Cyprinodon  variegatus,  Poecilia  latipinna,  Menidia  beryllina, 
and  Agonostomus  monticola. 

Awaous  tajasica  is  likely  a  permanent  but  rarely  encountered  resident 
of  the  lower  Rio  Grande  as  there  is  an  additional  unconfirmed  report  of 
the  presence  of  this  species  in  this  river  prior  to  1960,  although  the 
individual  specimen  that  was  taken  is  now  missing  and  the  collection 
record  was  never  published  (R.  R.  Miller  and  H.  Hildebrand,  personal 
communications).  Presumably  this  species  also  will  be  found  inhabiting 
the  intervening  (between  the  Rio  Grande  and  the  Rio  Soto  la  Marina) 
coastal  Mexican  streams  to  the  south  as  these  are  more  fully  investigated. 
The  presence  of  the  river  goby  in  the  Rio  Grande  in  habitats  other  than 
sandy  pools,  as  this  species  is  most  commonly  associated  with  in  Central 
American  streams  (K.  Winemiller,  personal  communication),  suggests 
that  river  gobies  may  be  more  generalized  in  their  habitat  preferences 
than  originally  thought  (Yerger,  1978;  Lindquist,  1979).  We  also  note  that 
the  presence  of  Awaous  in  the  Rio  Grande  is  a  further  indication  of  the 
large  tropical  component  of  this  river’s  ichthyofauna  as  previously 
suggested  by  Pezold  and  Edwards  (1983). 

We  thank  Clark  Hubbs  (University  of  Texas  at  Austin),  Robert  R. 
Miller  (University  of  Michigan),  Kirk  Winemiller  (University  of  Texas  at 
Austin),  Salvador  Contreras-Balderas  (Universidad  Autonoma  de  Nuevo 
Leon),  and  Henry  Hildebrand  (Corpus  Christi,  Texas)  for  confirming  our 
identification  of  this  species  and  for  their  information  concerning  the 
distribution  and  ecology  of  Awaous.  We  also  thank  the  1985  Ichthyology 
class  at  Pan  American  University  for  helping  with  our  field  collection. 
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UNIQUE  RESEARCH  OPPORTUNITIES  WITH  PHYSARUM 
POLYCEPHALUM:  A  UNIVERSAL  EUKARYOTIC  SYSTEM 

Helmut  W.  Sauer  and  Gregory  L.  Shipley 

Department  of  Biology,  Texas  A&M  University,  College  Station,  Texas  77843 


Abstract. — It  is  the  purpose  of  this  review  to  point  out  several  principles  of  biological 
structure  and  function  that  are  common  to  all  eukaryotic  organisms.  The  life  cycle  of  the 
slime  mold,  Physarum  polycephalum,  is  introduced  as  exemplifying  the  universal  eukaryotic 
organization  and  as  a  model  system  for  conducting  unique  experiments  at  the  levels  of 
molecular,  cellular,  and  developmental  biology.  The  discussion  is  focused  on  recent  results 
concerning  the  organization  of  the  genome,  the  regulation  of  the  cell  cycle,  and  three 
distinct  cases  of  cellular  differentiation.  A  coherent  model  of  the  control  of  gene  expression 
is  presented  based  on  the  novel  concept  of  “replication-transcription-coupling, ”  in  a  search 
for  the  elusive  developmental  program  of  all  organisms.  Key  words :  Physarum ;  cell  cycle; 
cell  differentiation;  genomic  organization;  replication;  transcription;  life  cycle  strategies. 


All  living  organisms  must  tend  to  the  bare  necessities  of  life — to  feed 
and  reproduce.  They  have  competed  with  each  other  for  resources  and 
space  for  a  long  time;  they  are  survivors.  Thus,  a  humble  amoeba  can 
be  said  to  be  as  well  adapted  to  survival  as  a  sophisticated  biologist,  if 
not  better.  Biologists  are  curious  people  who  want  to  find  out  how 
organisms  manage  their  affairs.  They  have  described  an  almost  infinite 
variety  among  organisms,  designed  ingenious  experiments,  and  discovered 
complex  hierarchical  organizations  varying  from  the  biosphere  to 
biomolecules.  In  contrast  to  the  physical  sciences,  time  plays  a  major  role 
in  all  life  processes,  which  makes  biology  a  historical  science  in  which 
stories  often  have  been  told  rather  than  firm  natural  laws  discovered. 

Two  kinds  of  questions  have  been  asked  by  life  scientists  about  a  living 
thing:  how  did  it  develop,  and  how  does  it  work?  The  first  one  is  more 
complex  and  concerns,  in  essence,  evolutionary  theory.  The  second  one 
can  be  divided  into  quests  directed  at  comprehending  function  or 
structure,  the  latter  being  the  easier  one.  Progress  in  biology  has  come 
through  the  practice  of  fragmentation  by  focusing  on  a  critical  question. 
Biological  questions  and  philosophical  concepts  have  been  around  for 
some  time,  but  reasonable  answers  to  old  questions  can  come  only  from 
applying  new  techniques  to  a  suitable  organism  that  is  as  simple  as 
possible.  Molecular  genetics  as  a  tool  for  investigating  the  evolutionary 
process  provides  an  excellent  example  for  this  kind  of  scientific  creativity. 
However,  this  approach  is  focused  on  the  one-dimensional  organization 
of  nucleic  acids  and  proteins,  and  thus  provides  a  limited  vision  of  a 
living  organism. 

The  time  may  be  ripe  to  reinvestigate  old  questions  regarding  the  more 
complex  cellular  organization  and  ask:  how  do  cells  grow,  divide, 
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differentiate,  and  communicate  with  each  other;  or,  what  is  the  genetic 
program  of  eukaryotic  organization?  Answers  to  these  questions  would 
amount  to  a  quantum  leap  forward  in  biology. 

Unicellular  organisms,  such  as  Physarum ,  must  be  potentially 
immortal,  or  they  would  have  become  extinct  in  the  past.  Their  life 
strategy  seems  rather  simple  because  it  equals  the  cell  cycle.  It  concerns 
the  cell  nucleus,  organization  of  the  chromatin  and  genome  replication 
and  expression,  and  the  dynamic  architecture  of  the  cytoplasm  under  the 
guidance  of  the  centrosome.  A  symphonic  coordination  of  diverse 
activities  is  required  for  the  construction  of  the  mitotic  apparatus, 
separation  of  daughter  chromosomes  and  division  of  a  cell  at  a  time 
when  it  has  acquired  twice  the  mass  it  had  at  its  birth.  Survival  of  an 
amoeba  depends  on  its  capacity  to  find  food  and  avoid  danger,  which 
requires  perception  of  environmental  signals  at  its  plasma  membrane,  and 
an  effective  behavioral  response.  Cellular  motility  results  from  force 
generation  based  on  localized  transient  intracellular  morphogenesis 
involving  the  ubiquitous  actomyosin-ATPase-system.  As  an  alternative,  a 
special  organelle,  the  flagellum,  can  propel  a  unicellular  flagellate.  In  an 
unfavorable  environment,  an  organism  must  survive  in  the  absence  of 
growth  and  poliferation.  An  amoeba  can  respond  rather  quickly  by 
redirecting  its  metabolism,  forming  a  cyst,  and  waiting  in  a  state  of 
suspended  animation.  Such  a  stable  form  change  is  an  example  of 
cellular  morphogenesis — in  this  case  a  reversible  process.  Finally, 
individual  cells  can  change  into  sexually  active  organisms,  gametes,  and 
fuse  with  one  another.  New  individuals  are  created  with  a  greater  degree 
of  genetic  heterogeneity  due  to  meiotic  genetic  recombination.  They  are 
perhaps  better  preadapted  to  a  changing  environment  and  rejuvenated 
from  the  potential  dangers  of  cellular  aging. 

It  is  the  purpose  of  the  following  discussion  to  demonstrate  that 
Physarum  polycephalum,  a  humble  slime  mold,  is  an  ideal  model  system 
for  studies  of  the  eukaryotic  cell  cycle  and  cellullar  differentiation.  We 
shall  first  review  the  life  cycle  of  this  remarkable  organism  in  its  natural 
habitat  and  in  the  laboratory,  and  then  focus  on  some  unique 
experiments  of  general  importance.  Several  of  these  were  done  in  Sauer’s 
laboratories  at  the  Universities  of  Heidelberg,  Konstanz,  and  Wurzburg 
in  Germany  during  the  last  15  years  and  more  recently,  since  1982,  at 
Texas  A&M  University  (see  Dove  and  Rusch,  1980,  Aldrich  and  Daniel, 
1982,  and  Sauer,  1982,  for  full  details). 

Three  Different  Lives  of  Physarum 

By  just  looking  at  the  three  kinds  of  creatures  of  different  size  and 
shape  into  which  Physarum  can  change,  it  is  obvious  that  growth  and 
differentiation  become  synonymous  with  its  life  cycle.  We  can  distinguish 
(1)  the  colorless,  microscopic  amoeba;  (2)  the  bright  yellow  giant  slimy 
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mass  of  crawling  protoplasm,  also  known  as  a  plasmodium;  and  (3)  the 
clusters  of  black  fruiting  bodies  (sporangia)  that  resemble  many  heads 
and  are  responsible  for  the  species  name,  Physarum  polycephalum. 

These  forms  look  so  different  that  one  would  classify  them  as  distinct 
organisms — a  soil  amoeba,  the  unique  plasmodium  and  a  fungus — if  one 
had  not  seen  how  one  can  change  into  another.  These  changes  occur  in 
a  definitive  sequence  from  amoeba  to  plasmodium  and  on  to  sporangia. 
Inside  the  sporangia  special  cells,  the  spores,  are  formed  that  give  birth 
to  more  amoebae.  Amoebae  are  haploid  cells,  the  product  of  meiosis.' 
Under  appropriate  conditions,  two  amoebae  of  different  sex  will  fuse  and 
produce  a  zygote.  This  diploid  cell  can  grow  but  it  will  not  divide  like 
an  amoeba  where  nuclear  division  (karyogamy)  and  cell  division 
(cytokinesis)  occur  concurrently.  In  this  growing  diploid  cell,  only  the 
nuclei  divide.  The  resulting  plasmodium  can  grow  to  several  feet  in 
diameter,  containing  millions  of  nuclei  in  a  common  cytoplasm.  This 
cellular  organization  defines  a  plasmodium. 

The  plasmodium  can  detect  food  and  migrate  like  a  giant  amoeba 
while  hiding  from  the  light  under  leaves  or  the  bark  of  decaying  trees. 
Later  on,  usually  when  food  becomes  scarce,  the  plasmodium  can  divide 
into  many  small  cells  termed  spherules,  each  with  several  nuclei  and  a 
hard  wall,  or  into  the  spore  cells  of  the  fruiting  body,  which  also  have 
a  tough  wall  but  usually  only  one  nucleus.  These  two  forms  serve  to 
propagate  the  species,  where  the  haploid  spores  provide  for  sexual  and 
the  diploid  spherules  for  vegetative  propagation.  Both  forms  can  survive 
unfavorable  environmental  conditions  over  many  years  of  dormancy. 

Usually,  a  single  amoeba  hatches  from  a  spore.  It  multiplies  by  typical 
mitotic  divisions  to  produce  a  clone  of  identical  amoebae.  These  cells  can 
undergo  considerable  changes  into  either  a  dormant  microcyst,  in  the 
absence  of  nutrients,  or  into  a  flagellate  in  the  presence  of  sufficient 
moisture.  Finally,  an  amoeba  can  change  into  a  sexually  active  gamete 
that  will  fuse  with  a  compatible,  that  is  sexually  different,  cell  forming 
a  zygote  and  initiating  a  new  life  cycle,  the  transition  from  the  haploid 
microscopic  to  the  diploid  macroscopic  life  form  of  Physarum  (see 
Collins,  1979,  for  details).  The  complete  life  cycle  of  Physarum 
polycephalum  is  shown  in  Figure  1 . 

Physarum ,  an  Experimental  Model  System 

P.  polycephalum  was  discovered  by  Schweinitz  (1822).  It  is  a  member 
of  the  true  slime  molds  or  Myxomycetes  (Wallroth,  1833;  Alexopoulos, 
1960;  Olive,  1975),  an  amazing  group  of  organisms.  We  are  not 
concerned  with  the  futile  question  of  whether  Physarum  is  the  property 
of  botanists,  zoologists,  or  mycologists  but  rather  point  out  that  its 
organization  represents  the  transition  from  lower  to  higher  forms  of  life, 
and  that  it  has  been  utilized  to  perform  some  unique  experiments. 
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Figure  1. — The  life  cycle  of  Physarum.  From  spores  (1),  amoebae  of  different  mating  type 
(+  or  — )  germinate  (2)  and  either  proliferate  (3)  or  differentiate  into  a  flagellate  (4),  a 
microcyst  (5),  or  they  sexually  fuse  (6)  to  form  a  zygote  (7).  The  diploid  zygote  develops 
into  the  plasmodium  (amoebal-plasmodial  transition),  which  can  grow  or,  if  starved  (9), 
differentiate  into  spherules  (macrocysts)  (10)  or  sporangia  (11);  prespores  form  in  the 
head  of  the  sporangium  (12)  and,  after  meiosis,  become  haploid  spores  (13).  This 
developmental  sequence  is  characteristic  for  the  sexual  (or  heterothallic)  life  cycle.  In  the 
asexual  (or  apogamic)  life  cycle,  a  single  amoeba  can  change  directly  into  a  plasmodium. 
Because  of  this  selfing  phenotype,  the  cell  nuclei  remain  haploid  throughout  asexual 
development  (figure  from  Sauer,  1982;  reprinted  with  permission  of  Cambridge 
University  Press). 

To  achieve  this  objective,  Physarum  had  to  be  taken  out  of  its  natural 
habitat  and  adapted  to  life  in  the  laboratory.  At  first  a  plasmodium  was 
grown  in  mixed  culture  with  other  microorganisms  or  on  oat  flakes, 
which  was  sufficient  to  observe  the  life  cycle  in  detail  and  to  obtain 
enough  material  for  morphological  and  physiological  studies.  Two 
remarkable  activities  were  observed  in  the  plasmodium:  the  vigorous 
cytoplasmic  streaming  by  Vouk  (1910),  and  the  synchronous  divisions  of 
the  many  nuclei  by  Howard  (1932).  Streaming  took  place  in  the 
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endoplasm  and  changed  directions  every  minute.  This  shuttle  streaming 
results  in  a  complete  homogenization  of  the  protoplasm,  which  may  be 
the  reason  for  the  synchronous  nuclear  divisions.  An  ingenious 
experiment  was  done  by  Kamiya  (1959),  who  put  a  plasmodium  into  a 
pressurized  double  chamber  and  increased  the  pressure  in  one  chamber 
until  the  protoplasm  could  no  longer  flow  into  that  half  of  the 
plasmodium.  As  a  result  he  could  measure  the  motive  forces  of 
protoplasmic  streaming.  More  importantly,  however,  he  discovered  that  * 
the  motive  force  fluctuated  in  phase  with  the  “shuttle-streaming”  even 
though  the  streaming  was  interrupted.  This  proved  that  the  shuttling  was 
a  passive  event,  the  result  of  a  rhythmic  contraction  of  the  ectoplasm. 
Since  this  experiment,  the  Physarum  plasmodium  has  been  a  model 
system  for  studying  nonmuscle  cell  motility.  Many  details  of  the 
ultrastructure  and  molecular  composition  of  the  ubiquitous  actomyosin- 
ATPase-system  have  been  learned,  although  the  endogenous  oscillator 
has  not  been  identified  (see  Wohlfarth-Bottermann,  1979).  An  exciting 
result  was  recently  obtained  indicating  that,  in  contrast  to  muscle  cell 
motility  where  calcium  ions  are  known  to  regulate  the  contractile  phase, 
calcium  seems  to  be  required  for  the  relaxation  phase,  which  is 
characterized  by  a  transient  partial  disassembly  of  the  actomyosin 
complex  in  Physarum  and  perhaps  in  other  nonmuscle  cells  (Yoshimoto 
and  Kamiya,  1984).  The  migration  of  the  plasmodium  has  inspired 
investigations  of  the  mechanism  of  its  amoeboid  movement  (Lewis,  1942) 
and  of  chemotaxis  in  response  to  chemical  stimuli  (Carlile,  1970). 

The  synchronous  nuclear  divisions  in  the  plasmodium  became  the  focus 
of  research  by  Harold  P.  Rusch,  who  had  chosen  Physarum  as  a  model 
to  better  understand  cancer.  He  believed  that  a  cancer  cell  was  not  so 
much  a  cell  that  had  lost  control  over  its  cell  cycle  but  rather  a  cell  that 
did  not  differentiate  according  to  its  developmental  program,  and 
therefore  continued  to  proliferate.  He  realized  that  the  processes  of 
growth  and  differentiation  are  two  separate  phases  in  the  life  cycle  of 
Physarum ,  where  one  excludes  the  other.  In  other  words,  as  long  as  the 
plasmodium  finds  food  it  will  grow,  but  not  differentiate.  However,  when 
food  is  restricted,  the  whole  organism  will  completely  abandon  growth 
and  differentiate.  Rusch  (1980  for  review)  wanted  to  explore  two 
questions.  First,  he  searched  for  factors  in  a  sporulating  culture  that 
would  inhibit  growth  and  induce  the  differentiation  of  another 
plasmodium.  Then,  these  substances  were  to  be  tested  on  cancerous 
mammalian  cells  to  abolish  their  proliferation.  Second,  he  wanted  to 
explore  how  starvation  induced  a  growing  cell  to  embark  on  a 
differentiation  pathway. 

The  major  breakthrough  in  beginning  this  work  was  the  development 
of  an  axenic,  semidefined  growth  medium.  It  took  several  years  of  hard 
work,  and  some  luck,  until  it  was  discovered  that  Physarum  requires 
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hemin  to  grow  (Daniel  and  Rusch,  1961)  and  niacin  to  sporulate  (Daniel 
and  Rusch,  1962).  Although  Rusch’s  two  main  questions  have  not  yet 
been  answered,  the  axenic  culture  of  synchronous  Physarum  plasmodia 
and  their  precisely  programmable  differentiation  into  either  spherules  (a 
reversible  process)  or  sporangia  (an  irreversible  process)  have  generated 
much  information  of  general  interest  to  molecular,  cellular,  and 
developmental  biologists  (Sauer,  1982). 

Any  causal  analysis  of  the  life  cycle  remains  inconclusive  without 
genetics.  It  was  observed  that  the  fusion  of  two  plasmodia,  which  allows 
for  a  natural  way  of  producing  a  heterokaryon  and  raises  interesting 
questions  regarding  cytoplasmic-nuclear  interactions,  is  genetically 
controlled.  Several  fusion-control  genes,  fusA,  B,  and  C,  were  defined  by 
formal  genetic  analysis;  these  enable  the  plasmodium  to  distinguish  self 
from  nonself.  These  genes  may  define  a  simple  histocompatibility  system. 
In  contrast  to  the  mat  genes,  the  fus  genes  must  be  identical  if  two 
plasmodia  are  to  fuse.  Plasmodia  with  different  alleles  will  ignore  each 
other.  Yet  another  class  of  genes,  the  /ef-genes,  control  the  interactions 
between  individual  plasmodia.  The  let- genes  can  cause  lethal  interactions 
between  two  plasmodia,  resulting  in  the  survival  of  one  of  two 
incompatible  individuals.  Whereas  the  analysis  of  these  genes  will 
increase  our  understanding  of  discrimination  between  different  cell  types, 
a  variant  form  of  the  life  cycle  of  Physarum  allows  a  powerful 
combination  of  the  traditional  formal  genetics  with  methods  usually 
restricted  to  microbial  genetics.  This  variation  concerns  the  development 
of  the  plasmodium.  In  certain  mutant  strains  like  Colonia  (CL),  a  single 
amoeba  can  change  into  a  plasmodium.  Consequently,  the  complete  life 
cycle  is  haploid.  This  is  known  as  the  asexual  (or  apogamic)  life  cycle, 
in  contrast  to  the  usual  sexual  (or  heterothallic)  development  that  is 
under  the  control  of  two  mating  type  loci,  matA  and  matB.  Therefore, 
mutations  can  be  created  with  large  numbers,  like  1010  individual 
amoebae,  and  even  recessive  mutations  can  be  detected  in  any  phase  of 
the  life  cycle.  Because  an  amoeba  of  the  CL  strain  also  can  cross  with 
an  amoeba  from  a  heterothallic  strain,  thus  becoming  diploid,  one  can 
further  analyse  such  mutants  using  classical  genetics.  The  great 
opportunities  for  molecular  genetic  analysis  of  the  complete  life  cycle 
now  can  be  explored  because  two  genes,  axeA  and  axeB,  have  been 
defined  that  allow  growth  of  such  amoebae  in  an  axenic  medium,  thus 
providing  sufficient  homogeneous  material  for  biochemical  analysis  (see 
Dee,  1982,  for  review). 

In  summary,  the  life  cycle  of  Physarum  is  a  multipoint  system  with  five 
separate  types  of  cell  differentiation.  Of  those,  three  are  reversible: 
spherulation  (macrocyst  formation),  microcyst  formation,  and  the 
amoeba-flagellate  transformation.  The  two  essential  and  irreversible 
developmental  stages  are  the  amoebal-plasmodial-transition  and 
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sporulation.  These  events  can  be  physically  dissociated  from  each  other, 
which  should  provide  unambiguous  results  concerning  growth  and 
differentiation.  This  repertoire  can  be  described  as  four  distinct 
developmental  themes  common  to  all  eukaryotic  organisms:  mitotic 
proliferation,  cytodifferentiation,  morphogenesis,  and  meiosis. 

One  can  deduce  most  of  the  general  biological  concepts  mentioned  in 
the  next  section.  We  also  are  reminded  that  differential  timing,  or 
heterochrony,  of  developmental  phases  in  an  individual  has  been 
considered  as  a  major  driving  force  of  macroevolution.  It  may  be  that 
the  temporal  uncoupling  of  nuclear  division  from  cellularization 
represents  one  evolutionary  attempt  that  leads  from  unicellular  to 
multicellular  organization.  Therefore,  the  proliferative  mitotic  cycles  of 
the  plasmodium  occur  in  the  absence  of  any  stable  differentiation, 
whereas  cellularization  in  the  fruiting  bodies  includes  an  irreversible 
commitment  and  cytodifferentiation  in  the  absence  of  growth. 
Consequently,  Myxomycetes  have  remained  relatively  simple  multicellular 
systems,  well  suited  to  the  study  of  those  characteristics  shared  with 
higher  organisms. 

Some  Critical  Biological  Phenomena  of  Eukaryotic  Systems 

From  our  description  of  the  Physarum  life  cycle,  it  can  be  seen  that 
the  life  of  a  simple  eukaryote  is  quite  complex,  yet  a  tree  or  an  elephant 
looks  quite  different  when  compared  to  an  amoeba.  What  makes  these 
large  organisms  so  different  from  unicellular  organisms?  One  answer  may 
be  that  they  are  bigger.  As  a  single  cell  usually  is  limited  to  microscopic 
size,  multicellularity  of  higher  organisms  is  the  main  difference.  This  is 
a  true  novelty  in  the  course  of  evolution.  The  other  main  characteristic 
of  higher  organisms  is  that  their  cells  become  specialized  to  perform 
certain  functions.  Specialized  cells  are  the  result  of  stable  cellular 
differentiation,  perhaps  a  necessary  consequence  of  multicellularity  rather 
than  the  primary  cause. 

In  higher  organisms,  mitotic  cycles  occupy  only  a  fraction  of  the  life 
cycle.  Cell  proliferation  can  be  equated  with  growth,  the  other 
developmental  changes  with  differentiation.  Moreover,  higher  organisms 
rely  critically  on  cell  recognition  and  intercellular  communication  in  the 
building  and  maintaining  of  a  functional  individual.  A  clear  notion  of  the 
role  of  these  processes  during  embryonic  induction  was  first  derived  from 
transplantation  experiments  with  amphibian  embryos,  indicating  that  the 
body  axis  and  the  organization  of  the  nervous  system  depend  on  the  still 
unidentified  inducer  substance(s).  Two  alternate  views  of  the  embryonic 
induction  process  have  emerged.  In  the  first,  it  is  believed  that  the 
inducer  transfers  information  from  the  upper  blastopore  lip  to  the 
reacting  cells;  in  the  other,  it  is  postulated  that  the  inducer  acts  merely 
in  selecting  one  over  several  developmental  pathways  that  are  readilty 
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available  to  the  reacting  system — the  dorsal  ectoderm  of  the  gastrula. 
This  distinction  has  far-reaching  consequences.  Because  the  ectodermal 
cells  become  committed  by  the  induction  process,  and  because  the 
commitment  to  differentiate  into  nerve  cells  is  stably  passed  onto  the 
progeny  of  induced  cells  (that  is,  inherited),  information  transferred  into 
the  ectodermal  cell  constitutes  an  instructional  process.  Consequently,  the 
result  of  embryonic  induction,  that  is,  the  heritable  state  of  cellular 
commitment,  would  constitute  a  Lamarckian  process.  On  the  other  hand, 
selection  of  one  kind  of  differentiation  over  another,  resulting  in  nerve 
cells  or  skin  cells,  would  be  the  result  of  an  environmental  change  for 
the  multipotent  dorsal  ectoderm  caused  by  an  interaction  with  the 
blastopore  tissue.  The  inducer  would  act  as  a  trigger  rather  than  the 
omnipotent  or  instructing  “organizer”  of  the  vertebrate  embryo.  We  shall 
consider  these  views  in  discussing  “induction”  events  in  the  life  cycle  of 
Physarum. 

The  concept  of  positional  information  focuses  on  the  well-documented 
phenomena  of  pattern  formation  and  morphogenesis,  but  awaits  definite 
testing  as  a  general  principle  and  identification  of  localized 
morphogenetic  substances  in  the  cytoplasm  of  the  egg  cell.  In  this  view, 
cells  of  the  same  state  of  differentiation,  like  muscle  cells  in  the  upper 
or  lower  arm,  have  become  “nonequivalent”  by  an  imprinting  of 
information  related  to  their  position  in  the  whole  organism  during  its 
embryogenesis. 

The  life  cycle  is  considered  as  the  elaboration  of  a  still  elusive 
developmental  program — not  a  designed  plan — that  is  stored  in  each  cell 
of  an  individual.  However,  only  certain  cells  maintain  the  germline, 
whereas  the  somatic  cells  age  and  die  in  each  generation.  Where  the 
germline  is  limited  to  germ  cells,  the  period  of  oogenesis  and  early 
embryogenesis  has  been  the  focal  point  of  philosophical  debates  over 
preformation  as  opposed  to  epigenesis  in  the  past,  still  echoed  in  the 
classification  of  embryos  into  the  mosaic  and  regulative  category  by 
experimental  embryologists.  It  now  seems  that  differential  timing  of  a 
single  critical  phenomenon,  commitment  (or  determination),  may  explain 
why  some  embryonic  cells  become  restricted  to  certain  lineages  of  specific 
cell  types  earlier  than  others,  thus  explaining  mosaic  or  regulative  types 
of  development,  at  least  in  animals.  Plant  cells  may  not  become 
irreversibly  committed  before  their  various  differentiations,  which 
explains  their  high  degree  of  regeneration,  even  from  a  single  somatic 
cell. 

There  is  some  evidence  that  the  commitment  process  in  animal 
embryogenesis  is  under  the  control  of  regulatory  genes  specifying  the  time 
and  space  of  cellular  differentiation  in  the  developing  embryo.  Examples 
are  referred  to  as  homoeotic  genes,  controlling  segmentation  in 
Drosophila  and  the  establishment  of  cell  lineages  in  Caenorhabditis 
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elegans ,  which  have  recently  been  isolated.  At  this  time,  it  is  not  known 
how  these  genes  and  their  products  exert  a  regulatory  role  over  these 
critical  developmental  processes.  However,  powerful  methods  of 
embryonic  engineering  are  now  available  to  introduce  these  genes,  and 
designed  mutations,  back  into  the  germ-line,  or  their  respective  anti¬ 
messenger  RNA  into  developing  embryos,  and  to  study  their  effects  on 
the  organization  of  the  developing  embryo  in  time  and  space.  A  causal 
analysis  may  become  possible,  provided  the  embryonic  systems  are  not 
too  plastic  in  their  “regulative”  capacity,  and  employ  other  developmental 
programs,  subroutines  so  to  speak,  which  may  blurr  the  sequence  of 
events  in  the  normal  embryo. 

This  discussion  serves  as  an  overview  of  some  critical  biological 
phenomena  (see  Jacob,  1982,  and  Sauer,  1982,  for  more  details).  Our 
understanding  of  the  underlying  principles  will  be  enhanced  by 
conceptual  fragmentation,  utilizing  simple  organisms  in  the  transition 
towards  multicellularity.  For  a  molecular  analysis  of  any  of  these 
concepts,  the  physical  isolation  of  homogeneous  biological  material  of 
minimal  complexity  and  maximal  integrity  of  the  whole  organism  is  a 
useful  if  not  imperative  prerequisite. 

We  shall  now  consider  five  selected  lines  of  research  on  the  molecular, 
cellular,  and  developmental  biology  of  Physarum  (see  Sauer  and  Pierron, 
1983,  for  review).  A  detailed  account  of  the  current  research  on 
Physarum ,  focusing  on  molecular  technologies,  was  the  topic  of  the  1985 
annual  Physarum  conference,  and  the  published  proceedings  (Dove, 
1986). 


Genomic  Organization 

A  plasmodial  diploid  nucleus  measures  about  5  /urn  in  diameter  with 
a  G2  phase  DNA  content  of  1  pg  and  a  set  of  about  80  small 
chromosomes  per  diploid  genome  (Mohberg,  1982).  The  organization  of 
the  chromatin  is  typical  for  eukaryotic  genomes  and  consists  of 
nucleosomes,  each  with  about  200  base  pairs  of  DNA  and  an  octamer 
of  conserved  histones.  It  has  been  suggested  that  chromatin  that  is  active 
in  replication  and  transcription  is  organized  as  a  somewhat  relaxed 
particle,  peak  A  or  the  lexosome,  free  of  histone  Hi  and  perhaps 
associated  with  the  nuclear  matrix  and  other  nonhistone  proteins. 
Reassociation  kinetics  experiments  and  electron  microscopy  of  DNA 
have  shown  that  four  percent  of  the  DNA,  after  denaturation,  forms 
intramolecular  associations  probably  by  inverted  repeat  sequences  at 
regular  distances  between  an  average  of  7  kb  (kilobases)  of  single-copy 
DNA.  Some  40  percent  of  the  genome  is  made  up  of  interspersed, 
moderately  repeated,  sequences  (see  Sauer,  1982,  and  Evans,  1982,  for 
reviews).  Initial  cloning  experiments  have  identified  a  methylated 
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repetitive  element  of  5.6  kb  with  an  internal  organization  reminiscent  of 
a  transposable  element,  which  accounts  for  some  20  percent  (about  4000 
copies)  of  the  genome  (Peoples  and  Hardman,  1983).  About  55  percent 
of  the  genome  behaves  like  unique  DNA  sequences  and  has  a  sequence 
complexity  of  1.7  X  105  kb  and  could  code  for  about  1  X  105  different 
proteins  according  to  the  mean  pre-mRNA  length  of  1.6  kb.  However, 
only  a  five  to  20  percent  fraction  of  the  chromatin  seems  ever  to  become 
transcribed,  a  value  consitent  with  a  fraction  of  smooth  and  rich  in  active 
transcription  units  as  opposed  to  beaded  total  chromatin  estimated  from 
EM  spreads  (Scheer  et  al.,  1981). 

An  important  study  of  general  importance  for  the  analysis  of  genomic 
organization  utilized  the  mapping  of  restriction-fragment-length- 
polymorphisms  (RFLPs)  and  the  detection  of  several  actin  sequences  by 
heterologous  actin  probes.  Restriction  analysis  of  nuclear  DNA  from 
diploid  strains  and  haploid  segregants  obtained  after  crossing  have 
unequivocally  revealed  four  unlinked  actin  loci  in  Physarum  (Schedl  and 
Dove,  1982).  This  method  can  be  used  to  characterize  any  genetic  locus 
for  which  distinct  restriction  fragments  can  be  detected.  Much  emphasis 
has  since  been  focused  on  the  two  tubulin  gene  families,  because  these 
genes  are  responsible  for  cytoskeletal  microtubles,  which  are  differentially 
represented  in  the  cytomorphological  organization  of  the  flagellate,  the 
open  mitosis  of  the  amoeba,  and  the  closed  intranuclear  spindle  of  the 
plasmodium  (Schedl  et  al.,  1984).  Polymorphic  restriction  fragments  of 
Physarum  have  a  remarkable  stability  in  many  segregant  clones  due  to 
a  low  frequency  of  meiotic  crossing  over.  This  result  is  in  marked 
contrast  to  the  great  variability  in  chromosome  number  and  DNA 
content  within  and  between  strains  of  Physarum.  Two  possible 
explanations  may  be  that  the  variations  are  due  to  a  large  proportion  of 
“facultative”  chromatin,  devoid  of  essential  genetic  information,  or  to 
parasitic  replicons,  the  maintenance  of  which  is  favored  by  the 
multinucleate  cellular  organization  of  the  plasmodium  or  involved  in  the 
developmental  program  of  Myxomycetes.  Therefore,  Physarum  may  be  a 
suitable  system  to  test  the  recent  hypothesis  that  two  different  genomes 
reside  in  eukaryotic  chromosomes  (Goldman  et  al.,  1984). 

Only  one  putative  coding  sequence,  histone  H4,  has  been  cloned  and 
sequenced  from  the  Physarum  genome.  The  nucleotide  sequence 
conforms  to  the  previously  partially  known  H4  protein  sequence  from 
Physarum  and  has  a  high  degree  of  homology  with  other  H4  histones 
(Wilhelm  et  al.,  1984).  However,  the  coding  region  is  interrupted  by  an 
intervening  sequence.  The  intron/exon  borders  do  not  contain  the 
nucleotides  common  for  other  eukaryotic  genes  in  which  mRNA  is 
processed  by  splicing  of  their  primary  transcripts.  One  must  await 
sequencing  of  the  second  H4  sequence,  which  has  not  been  cloned  yet, 
before  it  is  certain  that  this  histone  gene  contains  an  intron.  However, 
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it  is  already  clear  that,  rather  than  a  cluster  of  many,  there  are  only  a 
few  copies  (one  to  four)  of  the  H4  gene  in  the  Physarum  genome. 

Cloning  of  other  genomic  sequences  for  known  genes,  like  actin,  was 
previously  impossible  because  of  the  instability  of  Physarum  recombinant 
DNA  molecules  in  common  bacterial  hosts.  Significant  progress  has  been 
made  after  using  E.  coli  strain  CES200,  which  has  a  deficient 
recombination  system  ( recB recC-,  sbcB -),  as  a  host  for  recombinant 
lambda  phages  and  plasmids  (Nader  et  al.,  1985).  For  the  cloned  actin 
( ardA )  sequence,  it  was  shown  that  a  350-base-pair  stretch,  which  is 
capable  of  intramolecular  reassociation,  was  responsible  for  the  instability 
of  the  cloned  ardA  sequence  in  conventional  bacterial  hosts.  We  can  now 
anticipate  an  end  to  the  long  lag  phase  in  acquiring  precise  DNA 
sequence  data  for  Physarum  genes. 

Much  detail  has  been  learned  of  the  extrachromosomal  ribosomal 
genes  in  the  nucleolus  of  Physarum  (Blum  et  ah,  1984).  The  nucleolar 
DNA  amounts  to  about  two  percent  of  the  nuclear  DNA  and  appears 
as  a  heavy  satellite  (1.714g/cm3)  in  a  CsCl  density  gradient.  The 
nucleolus  contains  about  200  linear  DNA  molecules.  Each  is  20  long 
(which  equals  39  X  106  daltons,  or  60kb  of  DNA)  and  consists  of  an 
almost  complete  palindromic  sequence  with  one  rRNA  gene  towards  its 
two  ends,  which  are  separated  by  a  long  untranscribed  spacer  containing 
two  origins  of  replication  close  to  the  center  of  the  molecule.  Most  of 
this  DNA  molecule  has  been  sequenced.  Two  introns  were  found  in  the 
DNA  segments  that  give  rise  to  the  large  26S  rRNA  molecule  by  a 
splicing  process  along  with  discrete  steps  of  processing  of  the  common 
rRNA  precursor.  The  nucleolar  DNA  is  packaged  into  minichromosomes 
by  histones  and  other  proteins.  The  nontranscribed  spacer  contains 
nucleosomes  characteristic  of  inactive  chromatin,  whereas  the  chromatin 
containing  the  transcription  units  is  enriched  for  lexosomes.  The 
minichromosomes  replicate  throughout  the  mitotic  cycle  and  seem  to  be 
amplified  from  a  single  copy  in  the  haploid  spore.  It  is  not  yet  clear 
whether  a  copy  of  rDNA  resides  in  the  chromosome,  as  was  shown  in 
a  similar  situation  concerning  extrachromosomal  rDNA  in  Tetrahymena , 
or  whether  the  rDNA  of  Physarum  is  permanently  organized  as  an 
episome.  The  latest  of  the  many  interesting  observations  with  Physarum 
rDNA  is  that  it  is  maintained  and  replicated  as  a  minichromosome  after 
transfection  into  yeast  cells  under  nonselective  conditions  (Kiinzler,  1985). 
This  foreign  replicon  seems  to  possess  centromeric  and  telomeric 
functions  compatible  with  yeast  and  may  be  engineered  as  a  useful  shuttle 
vector;  but  Physarum  rDNA  is  not  transcribed  in  yeast,  presumably  due 
to  the  absence  of  species  specific  transcription  factors. 
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The  Cell  Cycle 

The  first  systematic  studies  of  the  naturally  synchronous  mitotic  cycles 
of  Physarum  plasmodia  in  the  laboratory  were  done  by  Guttes  and 
Guttes  (1964).  This  single  giant  cell  revealed  the  synchronous  division  of 
all  its  nuclei  every  eight  to  10  hours  at  26°  C.  Elegant  fusion  experiments 
were  performed  between  pairs  of  macroplasmodia,  each  in  a  different 
phase  of  the  cell  cycle  (Rusch  et  al.,  1966).  All  nuclei  of  this 
heterokaryon  divided  at  the  same,  intermediate  time,  indicating  that  one 
population  of  nuclei  divided  sooner  and  the  other  later  than  predicted 
from  the  cell  cycle  phase  of  the  two  separate  cells.  The  synchronous 
nuclear  division  occurred  at  a  time  exactly  halfway  between  the  cell-cycle 
phase  difference  of  the  two  original  cells.  This  principle  of  arithmetic 
averaging  indicated  a  cytoplasmic  control  over  nuclear  division  and 
opened  the  search  for  the  still  elusive  cytoplasmic  factors  (mitogens), 
which  can  shorten  the  cell  cycle  or  induce  mitosis,  or  both. 

The  S-phase  of  the  cell  cycle  was  established  by  studying  the 
incorporation  of  radioisotopes  into  DNA  (Nygaard  et  al.,  1960;  Guttes 
et  al.,  1961).  It  was  found,  unexpectedly,  that  S-phase  in  Physarum  nuclei 
began  right  after  mitosis  and  lasted  for  three  hours.  It  seems  therefore, 
that  the  Gi  phase  of  the  typical  cell  cycle  is  not  an  essential  phase,  but 
rather  a  consequence  of  suboptirnal  growth  or  of  cellular  differentiation. 
Determination  of  thymidine  kinase  activity  by  Sachsenmaier  and  Ives 
(1965)  revealed  periodic  changes  during  the  cell  cycle  with  an  activity 
peak  around  S-phase. 

A  temporal  order  of  DNA  replication  during  the  S-phase  of 
consecutive  cell  cycles  was  determined,  for  the  first  time  for  any  cell,  in 
a  unique  double-labeling  density-shift  experiment  (Braun  et  al.,  1965). 
One  plasmodium  was  labeled  for  a  brief  period  during  S-phase  with  3H- 
thymidine  and  throughout  the  following  S-phase  with  14C-BUDR 
(bromodeoxyuridine),  which  is  incorporated  into  DNA  instead  of 
thymidine  and  makes  DNA  more  dense.  DNA  was  isolated  either  before 
or  after  the  “window”  in  which  it  was  labeled  in  the  previous  S-phase. 
Following  CSC1  gradient  centrifugation  it  was  found  that  the  doubly- 
labeled  DNA  was  distributed  over  two  distinct  peaks  if  it  was  prepared 
before  the  “window,”  that  is,  one  light  peak  (3H-prelabeled  and  therefore 
unreplicated  DNA)  and  one  14C-labeled  heavy  peak  of  replicated  DNA. 
When  the  DNA  was  prepared  after  the  “window,”  both  labeled  DNA 
functions  co-sedimented  as  a  single  peak  of  heavy  DNA.  This  result 
clearly  shows  that  DNA  molecules  do  not  replicate  at  random  during  S- 
phase  and  that  the  DNA  replicating  during  a  time-window  in  one  S- 
phase  will  replicate  during  the  same  window  in  the  next  S-phase.  These 
classical  results  have  established  the  role  of  Physarum  as  a  model  system 
for  the  study  of  the  eukaryotic  cell  cycle  (Mitchison,  1971).  What  follows 
are  some  more  recent  observations. 
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The  synchrony  of  nuclear  division  had  long  been  established,  yet  a 
kinematographic  analysis  determined  that  the  onset  of  anaphase  between 
neighboring  nuclei  occurred  within  five  seconds  (Wolf  et  al.,  1979).  Such 
a  precision  may  be  achieved  by  an  ionic  mechanism  rather  than  by 
diffusion  of  a  proteinaceous  mitogen.  In  addition  to  the  synchrony  of 
nuclear  division,  the  synchrony  of  DNA  replication  during  S-phase  can 
be  concluded  from  two  recent  investigations.  First,  statistical  flow 
cytometric  analyses  of  nuclei  isolated  from  macroplasmodia  not  only 
demonstrated  a  one-half  reduction  of  the  nuclear  DNA  content  in  all 
(that  is,  108)  nuclei  within  five  minutes  of  metaphase,  but  also  an  almost 
constant  coefficient  of  variance  of  the  DNA  content  in  all  populations 
of  nuclei  analysed  at  intervals  throughout  the  three  hour  S-phase.  The 
synthesis  rate  was  linear  at  5000  kb  per  minute  until  75  percent  of  the 
genome  was  replicated  (90  minutes).  Thereafter,  the  rate  of  synthesis 
decreased  by  a  factor  of  four  (see  Kubbies  and  Pierron,  1983,  and  Evans, 
1982,  for  review).  Second,  the  temporal  sequence  of  DNA  replication  has 
been  extended  to  the  resolution  of  single  genes  by  probing  for  the 
duplication  of  the  four  actin  loci  by  either  gene  dosage  titration  with 
DNA  from  different  points  of  S-phase  or  by  the  classical  density  shift 
experiment  following  BUDR  incorporation  (Pierron  et  al.,  1984).  The 
replication  of  the  actin  gene  family,  and  even  the  replication  of  two 
alleles  of  ardC,  was  found  to  be  invariant  in  consecutive  mitotic  cycles. 
Three  of  the  unlinked  loci  replicated  within  five  to  10  percent  and  the 
fourth  at  about  70  percent  of  DNA  replication.  Thus,  it  is  firmly 
established  that  Physarum  nuclei  not  only  divide  with  precise  natural 
synchrony  but  also  replicate  specific  genes  in  synchrony. 

A  combination  of  pulse-chase  labeling,  size  determination  of  nascent 
DNA  on  sucrose  gradients,  or  chromatin  fiber  autoradiography  and  EM 
spreads  of  DNA  have  clearly  shown  that  S-phase  begins  in  telophase  in 
clusters  of  three  to  five  replicons  of  10  pm  average  size;  proceeds  in  both 
directions  with  a  speed  of  0.2  pm  per  replication  fork,  per  minute;  and 
requires  protein  synthesis  for  the  activation  of  consecutive  banks  of 
replicons  (Muldoon  et  al.,  1971).  It  is  also  clear  that,  although  the 
duplication  of  the  estimated  18,000  replicons  has  been  achieved  within 
three  hours,  ligation  of  newly  synthesized  DNA  strands  into  chromosome 
size  molecules  lasts  for  three  more  hours,  or  more  than  half  of  the  G2- 
phase  (Evans,  1982).  At  that  time,  about  two  hours  before  mitosis,  a 
transition  point  occurs  in  preparation  for  mitosis  that  coincides  roughly 
with  periodic  increases  in  gene  expression  for  the  tubulin  gene  family 
(Schedl  et  al.,  1984)  and  histone  H4  (Wilhelm  et  al.,  1984),  with  a 
maximum  around  mitosis.  Also,  an  extract  from  plasmodia  at  that  point 
can  shorten  the  generation  time  by  about  10  percent  if  applied  to  a 
plasmodium  that  has  completed  S-phase  (Bradbury  et  al.,  1974).  It  has 
since  been  shown  that  the  mitotic  peaks  of  thymidine  kinase  (Wright  and 
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Tollon,  1979)  and  tubulin  (Carrino  and  Laffler,  1985)  occur  even  if 
mitosis  is  delayed  by  elevated  temperature.  However,  at  the  time  of 
delayed  mitosis  both  markers  showed  another  activity  peak,  indicating 
their  functional  coupling  to  mitosis. 

The  expression  of  a  histone  gene  before  S-phase  is  quite  remarkable, 
because  histone  synthesis  generally  had  been  assumed  to  be  tightly 
coupled  to  the  S-phase  of  the  eukaryotic  cell  cycle.  It  seems  that,  in 
Physarum ,  H4  gene  activity  before  S-phase  is  limited  to  transcription  and 
perhaps  a  storage  of  histone  message  “in  anticipation”  of  mitosis. 
Translation  into  protein  only  has  been  observed  in  S-phase,  and  then 
only  if  replication  was  undisturbed  (Kelley  et  al.,  1983). 

Another  transition  point  occurs  around  mitosis,  in  prophase,  where 
several  observations  were  made.  As  the  intranuclear  mitotic  apparatus  is 
built  up,  protein  synthesis  is  no  longer  required  to  enter  mitosis.  Further, 
prophase  nuclei  in  a  time-heterokaryon  are  committed  to  go  through 
division.  However,  it  seems  that  completion  of  mitosis  is  not  required  to 
initiate  another  round  of  S-phase,  as  a  10-minute  heat  shock  in  prophase 
prevents  nuclear  division,  but  not  the  next  S-phase,  which  results  in 
tetraploid  nuclei  (Wolf  et  al.,  1979).  During  an  undisturbed  mitosis, 
histone  Hi  becomes  maximally  phosphorylated  through  activation  of  a 
specific  nuclear  kinase  (Bradbury  et  al.,  1974).  Thereafter,  an  increase  in 
histone  phosphatase  and  a  decrease  of  Hi  histone  phosphate  content 
correlates  well  with  chromosome  decondensation.  The  causal  involvement 
of  histone  Hi  kinase  in  chromosome  decondensation  and  initiation  of 
mitosis  has  been  further  implicated  by  the  advancement  of  mitosis  after 
the  application  of  an  extract  from  mammalian  cells  enriched  for  Hi 
kinase  activity  to  the  surface  of  a  G2-phase  Physarum  plasmodium  (see 
Sauer,  1982,  for  review). 

In  search  of  the  mitotic  trigger,  a  large  number  of  fusion  experiments 
and  perturbations  of  the  nuclear-cytoplasmic  ratio  have  been  performed. 
The  results  are  consistent  with  the  so-termed  “hour  glass”  model,  also 
known  as  the  “nuclear  site  titration”  model  (Tyson  et  al.,  1979). 
According  to  this  view,  the  number  of  nuclear  receptor  sites  double  after 
mitosis  and  then  remain  constant,  whereas  a  labile  protein  factor(s) 
accumulates  during  G2-phase  and  binds  to  the  receptor  sites.  The  mitotic 
signal  is  believed  to  be  a  surge  of  free  factor  after  all  receptors  are 
occupied.  In  this  model,  the  mitotic  trigger  acts  as  an  extreme  relaxation 
oscillator,  and  mitosis  is  part  of  the  mitotic  clock.  At  mitosis,  the  sand 
has  run  out  and  the  hour  glass  must  be  turned  over  to  start  another 
cycle. 

An  alternate  model  has  been  proposed  that,  in  general  form,  can 
explain  all  oscillations,  in  time  and  space  in  any  biological  system.  This 
“limit  cycle”  can  run  independently  of  mitosis  and  continue  to  run  like 
a  clock  with  the  hands  (signifying  mitosis  and  S-phase)  broken  off 
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(Kauffman  and  Wille,  1975).  This  hypothetical  oscillator  is  believed  to 
represent  a  cycle  of  chemical  reactions.  In  a  simplified  way,  two 
substances,  an  activator  and  an  inhibitor,  interact  by  auto-  and  cross¬ 
catalysis  in  a  nonlinear  reaction,  which  results  in  a  continuous  fluctuation 
of  their  levels.  The  one  substance  may  repress  the  other  and  trigger 
mitosis,  provided  a  certain  threshold  level  is  reached.  If  this  mechanism 
acted  in  Physarum ,  fusion  experiments  with  plasmodia  in  many  different 
cell-cycle  phases  should  interfere  with  the  limit  cycle  in  such  a  way  that 
the  threshold  of  “activator”  is  not  reached.  In  this  situation,  the  model 
predicts  that  mitosis  should  be  skipped  and  take  place  a  full  cycle  later. 
This  has  not  been  convincingly  demonstrated  in  fusion  experiments,  and 
supports  the  idea  that  in  Physarum  mitosis  is  part  of  the  mitotic  cycle 
control.  This  is  also  the  interpretation  from  the  genetic  analyses  of  the 
yeast  cell  cycle,  which  can  be  described  as  sequences  of  interdependent 
reactions,  with  each  step  dependent  on  the  previous  one  and  controlled 
by  the  product  of  a  cdc  (cell  division  cycle)  gene  (Pringle  and  Hartwell, 
1981). 

However,  the  concept  of  a  master  oscillator  as  the  basic  control  unit 
of  the  cell  cycle  has  recently  been  re-emphasized  in  studies  of  the  early 
embryo  (Newport  and  Kirschner,  1985).  The  first  12  cell  cycles  of  the 
developing  Xenopus  egg  consist  of  rapid  synchronous  divisions  into  many 
embryonic  cells  referred  to  as  blastomeres.  A  cytoplasmic  factor,  which 
caused  the  breakdown  of  the  germinal  vesicle  (the  large  oocyte  nucleus) 
and  entry  of  the  meiotic  prophase  chromosomes  into  metaphase,  was 
found  first  during  egg  maturation.  Its  effect  on  the  cell  nucleus  has 
provided  a  bioassay  for  detecting  the  maturation  promoting  factor,  or 
MPF,  in  cleaving  eggs  as  well  as  in  mammalian  tissue  culture  cells  and 
yeast.  The  activity  of  MPF  during  the  rapid  cleavage  divisions  fluctuates 
in  phase  with  the  cell  cycle,  with  maximal  activity  before  mitosis.  New 
observations  have  shown  that  these  fluctuations,  which  depend  on  protein 
synthesized  from  maternal  mRNA,  can  occur  in  enucleated  eggs  and  in 
the  presence  of  anti-microtubular  drugs.  Consequently,  neither  the 
mitotic  apparatus  nor  the  chromosomes,  the  typical  substrates  of  the  cell 
cycle,  are  required  for  the  oscillations  of  MPF.  On  the  other  hand,  at 
each  peak  of  activity  per  cycle  there  is  sufficient  MPF  in  an  egg  to  drive 
many  nuclei  into  mitosis,  as  seen  from  the  dissolution  of  the  nuclear 
envelope  and  chromosome  condensation  of  injected  somatic  mammalian 
nuclei  into  a  Xenopus  egg. 

It  is  interesting  that  the  embryonic  cell  cycle  ends  abruptly  at  the 
midblastula  transition,  having  yielded  some  4000  nuclei,  after  exhaustion 
of  a  maternal  factor.  The  cell  cycle  of  an  early  embryo  is  much  simpler 
than  that  after  the  midblastula  transition  or  in  adult  tissues  of 
multicellular  organisms.  As  long  as  MPF  is  in  sole  control  of  the  cell 
cycle,  the  gap-phases  (Gi  and  G2)  are  absent  and  there  is  no  growth,  no 
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transcription  of  the  genome,  and  much  smaller  than  normal  sized 
replicons  synthesize  DNA  in  synchrony,  which  allows  a  rapid  genomic 
replication  during  a  brief  S-period.  At  the  midblastula  transition,  S-phase 
becomes  longer,  the  chromatin  is  transcribed,  the  gap-phases  appear,  the 
blastomeres  become  mobile  and  cell-cell  interactions  are  essential  for 
proceeding  with  the  developmental  program  of  a  frog. 

It  seems  that  a  Gi-phase  is  not  required  for  any  cell  cycle  controlled 
by  endogenous  (endocrine)  factors  alone,  as  long  as  sufficient  nutrients 
are  supplied.  Under  these  conditions  the  generation  time  is  rather 
constant.  From  this  perspective,  the  lack  of  a  Gi-phase  from  the 
practically  immortal  mitotic  cycles  of  Physarum  plasmodia,  in  the 
absence  of  differentiation  and  under  control  of  endogenous  factors, 
represents  an  intermediary  state  between  the  early  embryo  and  the  adult 
multicellular  organization  of  higher  eukaryotes.  Therefore,  Physarum  is 
well  suited  to  search  for  the  cell  cycle  program,  not  yet  imprinted  onto 
the  embryonic  chromatin  (due  to  the  absence  of  growth  in  the  cleavage 
stage),  but  later  superimposed  by  the  developmental  program  of  a 
complex  organism  like  a  frog,  after  the  midblastula  transition,  or 
subroutines  thereof  maintained  in  tissue  culture  cells. 

It  is  when  exogenous  factors  interfere  with  proliferation  and 
differentiation  that  a  Gi-phase  becomes  apparent.  Thus,  general  nutrient 
stress  or  specific  molecules,  like  the  yeast  mating  factor,  halt  its  cell  cycle 
before  entry  into  S-phase  (Fantes,  1984),  whereas  serum  growth  factors 
help  mammalian  tissue  culture  cells  to  pass  several  transition  points 
throughout  Gi-phase  and  to  enter  the  S-phase.  Different  exogenous 
factors  seem  to  activate  different  responses  characteristic  of 
“competence,”  which  is  required  to  enter  the  cell  cycle  (after  mitosis,  or 
after  quiescence),  for  “commitment”  to  S-phase  and  for  “progression” 
through  the  remainder  of  the  cycle.  Some  of  these  events,  in  particular 
those  of  competence  and  commitment,  are  responsible  for  the  large 
fluctuations  in  the  duration  of  the  Gi-phase  and  thereby  the  generation 
time  of  the  cell  cycle  in  higher  organisms  (Baserga,  1985). 

It  has  previously  been  shown,  in  some  cases,  that  genes  similar  to  those 
that  code  for  serum  growth  factors  or  their  receptors  on  the  membrane 
of  target  cells,  are  involved  in  neoplastic  transformation  and  lead  to 
cancer  (Bishop,  1985).  According  to  the  protooncogene  concept, 
oncogenes  can  arise  from  essential  cellular  genes  (c-onc)  after  becoming 
modified  during  their  association  with  a  viral  genome  ( v-onc )  or  activated 
by  chromosomal  translocation.  Recently,  oncogenes  have  been  classified 
into  two  groups,  one  that  functions  in  achievement  of  “transformation” 
and  the  other  involved  in  cellular  “immortalization.”  The  v-ras  gene, 
which  codes  for  a  protein  kinase  associated  with  cellular  membranes,  is 
the  prototype  for  the  first  and  the  v-myc  gene,  which  codes  for  a  nuclear 
protein  of  unknown  function,  is  the  prime  example  of  the  second  one- 
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gene  class.  In  transfection  experiments  with  normal  embryonic  fibroblasts 
in  culture,  it  has  been  demonstrated  that  these  two  genes  cooperate  and 
can  cause  the  neoplastic  phenotype  (Land  et  ah,  1983). 

Because  the  Physarum  plasmodium  is  a  case  of  pure  and  practically 
infinite  growth,  one  might  predict  the  presence  of  a  gene(s)  homologous 
to  the  myc- gene,  and  study  its  function  in  a  naturally  synchronous  cell 
that  is  much  more  simply  organized  than  tissue  culture  cells  derived  from 
vertebrate  organisms.  We  have  detected  a  crossreacting  DNA  sequence  in 
the  genome  of  Physarum  and  isolated  a  DNA  clone  from  our  library  of 
the  Physarum  genome,  utilizing  a  specific  v-myc  gene  probe  isolated  from 
the  avian  retrovirus  MC29.  We  still  have  to  determine  the  exact 
nucleotide  sequence  to  prove  that  a  mjorelated  protein,  by  crossreaction 
of  a  Mr  70  kd  protein  with  a  specific  anti-mj^c  antibody,  which  is  present 
in  the  Physarum  nucleus.  Moreover,  the  level  of  this  protein  fluctuates 
dramatically  in  nuclei  during  the  cell  cycle  from  its  absence  in  metaphase 
to  a  maximal  value  in  late  G2-phase  (Shipley  et  ah,  1985).  It  can  be 
argued  that  the  myolike  gene  plays  a  regulatory  role  in  the  cell  nucleus, 
either  stimulating  those  genes  necessary  for  progression  through  the  cell 
cycle,  or  repressing  those  genes  having  an  activity  that  is  associated  with 
cell  differentiation. 

A  role  for  the  cell  cycle  in  differentiation  long  has  been  suggested. 
According  to  the  “quantal”  cell  cycle  concept,  a  special  round  of 
replication  is  necessary  to  direct  a  cell  from  one  state  of  differentation 
into  another  (Holtzer  et  ah,  1975).  As  mentioned  above,  we  have  shown 
a  definitive  temporal  sequence  of  DNA  replication  during  the 
proliferative  cell  cycles  of  Physarum. 

We  have  also  developed  the  concept  of  “replication-transcription¬ 
coupling”  after  demonstrating  that  the  RNA  synthesis  in  the  early  part 
of  S-phase  depends  on  DNA  synthesis  (Pierron  and  Sauer,  1980;  Fouquet 
et  ah,  1975).  The  most  convincing  evidence  comes  from  electron 
microscopic  chromatin  spreads,  which  show  active  transcription  units 
mainly  on  newly  replicated  chromatin.  In  a  typical  case,  a  replicon 
contains  the  activated  genes  on  both  replicated  chromatin  strands  in  the 
middle  between  the  two  replication  forks.  Because  DNA  replication  in 
Physarum  is  of  the  typical  bidirectional  type,  the  origin  of  replication 
must  be  within  those  activated  genes  that  are  transcribed.  Recent 
speculation  that  a  switch  of  cell-type  specific  genes  from  a  late  replicating 
(inactive  or  heterochromatic)  into  an  early  replicating  time  compartment 
(euchromatic)  of  S-phase  could  explain  their  potential  activation  during 
the  differentiation  of  cells  has  been  presented  (Pierron  et  al.,  1982; 
Taylor,  1984).  Thus  the  concept  of  replication-transcription-coupling  may 
provide  a  new  look  into  the  elusive  mechanism  of  commitment  discussed 
above. 
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This  concept  can  be  tested  when  we  have  obtained  cell-type-specific, 
cloned  genes  for  the  three  alternate  developmental  stages  of  Physarum, 
which  will  be  discussed  next. 

Amoebal-Plasmodial-Transition 

Unlike  other  simple  eukaryotes,  a  Physarum  amoeba  has  several 
developmental  options  to  select  from,  according  to  environmental  stimuli, 
which  can  be  manipulated  in  the  laboratory:  it  can  divide  and  produce 
a  clone,  change  into  a  flagellate,  become  a  dormant  cyst,  or  change  into 
a  gamete  and  develop  into  a  plasmodium.  The  switch  from  the  amoebal 
to  the  plasmodial  state  is  under  the  control  of  at  least  two  mating-type 
genes.  In  addition  to  the  matB  locus,  which  controls  the  sexual  fusion 
of  gametes,  a  second  complex  multi-allelic  locus,  matA ,  regulates  the 
transition  of  the  zygote  into  a  plasmodium.  Only  if  two  amoebae  are 
heteroallelic  for  matA  and  matB  will  a  plasmodium  develop.  Cells  that 
have  different  alleles  of  matB  but  express  the  same  allele  of  matA  will 
form  a  clone  of  diploid  amoebae.  Two  important  classes  of  mutants 
affecting  plasmodial  initiation  have  been  found.  The  gad  (for  greater 
asexual  development)  mutations  increase  the  frequency  with  which 
amoebal  clones  produce  plasmodia  by  selfing.  Such  strains  are  stable  and 
remain  haploid  throughout  the  life  cycle.  The  npf  (for  non-plasmodium 
former)  mutations  greatly  reduce  the  ability  of  gad  mutants  to  form 
plasmodia.  It  is  interesting  to  note  that  almost  all  gad  and  npf  mutations 
map  within  the  matA  locus.  Consequently,  matA  seems  to  be  a  major 
control  gene  for  the  amoebal-plasmodial-transition  with  possible 
implications  for  the  elusive  switch  from  unicellular  to  multicellular 
eukaryotic  organization  (see  Dee,  1982,  and  Sauer,  1982,  for  reviews). 

With  respect  to  the  activation  of  the  mating  type  loci,  it  has  been 
demonstrated  that  amoebae  in  a  dense  population  secrete  a  pheromone¬ 
like  substance  that  renders  selfers  and  sexually  compatible  amoebae 
competent  to  produce  plasmodia  (Shipley  and  Holt,  1982;  Nader  et  al., 
1984).  As  for  the  mode  of  action  of  the  matA  gene  product(s),  one  might 
suggest  that  a  heteropolymer  coded  for  by  two  different  alleles  induces 
or  derepresses  the  developmental  program  of  plasmodium  formation 
(Anderson  and  Holt,  1981).  For  the  molecular  analysis  of  this  regulatory 
gene,  transformation  of  a  nonselfer  clone  of  some  109  amoebae  with 
cloned  Physarum  DNA  (from  amoebae  carrying  another  allele  of  matA) 
into  a  plasmodium  should  provide  an  excellent  bioassay  for  detecting  the 
matA  DNA  sequence.  It  would  be  most  interesting  to  find  out  whether 
this  sequence  is  limited  to  Physarum  or  generally  present  in  multicellular 
organisms.  However,  this  experiment  must  wait  until  an  efficient  in  vitro 
transformation  regimen  has  been  developed  for  Physarum. 
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In  a  different  approach  to  detecting  genes  that  are  specifically 
expressed  in  amoebae  or  plasmodia,  monoclonal  antibodies  were 
produced  against  surface  proteins  of  amoebae  in  our  laboratory 
(Schelling  and  Shipley,  1984).  A  series  of  antibodies  directed  against 
glycoproteins  of  the  amoebal  cell  surface  have  been  characterized  which 
will  serve  as  specific  probes  for  the  differentiated  state. 

Another  interesting  mutant,  ale  (for  amoeba-less  cycle),  also  has  been 
described  in  which  a  minute  plasmodium  hatches  from  a  spore  (Truitt 
and  Holt,  1979).  This  result  indicates  a  genetically  controlled  switch  at 
the  transition  from  the  plasmodial  to  the  unicellular  amoebal 
organization. 


Spherulation 

Spherulation  was  first  described  as  a  reversible  differentiation  process 
that  takes  place  in  the  absence  of  growth  in  response  to  starvation  and 
other  kinds  of  physiological  stress.  We  have  recently  learned  that  the 
activation  of  superoxide  dismutase  (SOD),  presumably  in  response  to 
oxygen  stress,  may  play  a  central  role  in  this  event  (Allen  et  al.,  1985). 
The  relationship  of  oxygen  stress,  SOD  and  free  radicals,  to 
differentiation  and  aging  has  been  considered  as  a  possible  unified  theory 
explaining  the  initiation  of  developmental  changes  by  a  common 
mechanism  (Sohal  and  Allen,  1985).  Other  changes  concern  a 
reorientation  of  metabolism  towards  gluconeogenesis,  dehydration  of  the 
protoplasm,  massive  production  and  secretion  of  slime,  and  of  various 
catabolic  reactions,  resulting  in  a  general  degradation  of  most 
macromolecules  present  during  growth.  The  formation  of  spherules  may 
not  require  the  expression  of  new  genes,  despite  changes  in  RNA 
composition.  However,  since  spherules  made  in  the  presence  of 
transcriptional  inhibitors  have  poor  viability,  certain  RNA  transcripts 
may  have  to  accumulate  during  spherulation  to  be  utilized  during 
exeystment.  This  situation  resembles  the  stockpiling  of  material  mRNA 
during  oogenesis  of  animals  (see  Sauer,  1982,  for  review). 

On  the  other  hand,  it  has  been  impossible  to  dissociate  the  general 
effects  of  starvation  and  stress  from  a  specific  developmental  sequence 
establishing  dormant  macrocysts  with  a  thick  wall.  This  is  a  common 
problem  for  unraveling  starvation-induced  cell  differentiation  in  any 
appropriate  system.  There  are  now  two  experimental  methods  for  sorting 
out  this  problem.  Cytomorphogenesis  of  viable  spherules  can  be  blocked 
by  adding  either  0.5  percent  ethanol  to  the  medium  (Kleinig,  1974)  or  by 
continuous  illumination  (Schreckenbach  et  al.,  1981).  At  the  level  of 
protein  products,  it  will  be  critical  to  discriminate  those  related  to 
starvation  from  those  specific  for  differentiation,  for  germination  and 
those  of  anti-mitotic  activity  as  previously  postulated  by  Rusch  (1980). 
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Sporulation 

Speculation  is  an  irreversible  differentiation  process.  An  essential  role 
for  light  in  this  process  was  demonstrated  early  on  (Baranetzki,  1876; 
Gray,  1938).  Following  illumination  a  point  of  no  return  was  discovered, 
after  which  the  plasmodium  was  committed  to  sporulate.  Under 
controlled  laboratory  conditions,  four  days  in  a  non-nutrient  sporulation 
medium  followed  by  a  four-hour  illumination  period  yielded  a  high 
incidence  of  sporulation  in  parallel  cultures  over  a  period  of  16  hours, 
during  which  hundreds  of  sporangia  developed  per  plasmodium  with 
good  synchrony  (Daniel  and  Baldwin,  1964).  A  detailed  account  of  the 
morphological  and  cytological  events  of  sporulation  has  been  published 
(Guttes  et  al.,  1961).  Metabolic  changes  and  a  general  decrease  in 
macromolecular  content  during  starvation,  illumination,  and  sporulation 
have  been  carefully  studied  (Daniel,  1966).  A  first  attempt  at 
understanding  this  differentiation  process  at  the  level  of  gene  regulation 
indicates  that  light  activated  certain  genes,  which  had  been  repressed 
during  growth  and  starvation  (Sauer  et  al.,  1969).  For  the  sporulation 
pathway,  experiments  with  conditioned  medium  have  indicated  secretion 
of  a  “sporulation  factor,”  which  could  be  responsible  for  making  starved 
plasmodia  “competent”  to  respond  to  light  and  become  irreversibly 
committed  to  differentiate.  It  now  seems  probable  that  a  blue  light 
receptor,  the  cryptochrome  common  to  many  lower  organisms,  signals 
perception  of  this  inducing  stimulus  (Schreckenbach  et  al.,  1981).  It  also 
has  been  shown  that  response  to  light  can  be  transmitted  to  the 
unilluminated  half  of  a  single  plasmodium,  and  even  can  be  mimicked  by 
the  injection  of  an  extract  after  its  illumination,  in  vitro ,  or  of  a  NaCl 
solution  into  a  starved  unilluminated  plasmodium  (see  Sauer,  1982,  for 
review).  With  regard  to  the  alternate  mode  of  action  of  “inducers” 
discussed  above,  it  seems  that  light  plays  a  permissive  rather  than 
instructive  role  in  the  sporulation  of  Physarum.  Differential  gene 
expression  in  response  to  light  now  has  been  firmly  established  by  two- 
dimensional  gel  analysis  of  proteins  labelled  in  vivo ,  or  translated  in  vitro 
from  poly  A+  RNA  isolated  from  a  plasmodium  committed  to  sporulate 
(Putzer  et  al.,  1984).  It  will  be  critical  to  study  the  effect  of  light  in  vivo 
at  the  level  of  isolated  nuclei,  chromatin,  and  single  genes,  and  search  for 
light  responsive  chromatin  factors. 

Massive  nuclear  elimination  during  sporulation  (more  than  80  percent) 
raises  the  possibility  that,  rather  than  through  random  degradation,  only 
a  small  fraction  of  the  nuclei  in  a  plasmodium  retain  “germ-line”  quality, 
and  are  selected  to  survive  in  the  spores.  Finally,  the  suggestion  that  light 
sensitivity  of  competent  plasmodia  may  coincide  with  an  S-phase,  and  the 
repeated  demonstration  of  the  presporangial  mitosis  before  multi- 
cellularization  in  the  fruiting  body,  which  occurs  in  the  absence  of 
growth,  may  indicate  the  requirement  of  a  special  cell  cycle  in  any 
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irreversible  developmental  process  as  postulated  in  the  “quantal”  cell- 
cycle  concept  (Holtzer  et  al.,  1975).  It  will  be  critical  to  study  the 
sequence  of  replication  of  the  sporulation-specific  genes  after  they  have 
been  cloned.  According  to  the  replication-transcription-coupling 
hypothesis  (Sauer,  1978),  those  genes  should  replicate  late  in  the  growing 
process,  but  early  in  the  sporulating  plasmodium. 
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Abstract. — Volcanic  rock  samples  from  a  series  of  ashes  and  tuffs  between  two 
ignimbrite  layers  in  the  Tertiary  Sheep  Pasture  Formation  exposed  on  Mount  Locke,  Davis 
Mountains,  Texas,  were  analyzed  for  U,  Ti,  Zr,  Rb,  Sr,  and  selected  samples  also  for  Th 
and  K.  Uranium  ranges  from  two  to  more  than  1 1  parts  per  million,  averaging  4.6.  Highs 
occur  in  green  ashes  and  the  welded  units.  The  average  Th  /  U  ratio  is  1.8  reflecting  the 
higher  U  content  of  these  samples  compared  to  average  granitic  rocks. 

The  part  of  the  Sheep  Pasture  Formation  sampled  represents  differentiated  extrusive 
pulses  that  vary  in  chemical  composition.  Elemental  concentration  are  influenced  by 
mineralogical  composition,  and  the  composition  of  the  glass  associated  with  each  eruption. 
Key  words :  uranium;  geochemistry;  volcanics;  Trans-Pecos,  Texas. 

Volcanic  rock  samples  from  the  Sheep  Pasture  Formation  (Anderson, 
1968;  Mattison,  1978)  and  other  more  diverse  igneous  rock  types  selected 
from  throughout  the  Trans-Pecos  Volcanic  Province  (Barker,  1978)  were 
analyzed  for  U  and  Ti  to  determine  the  ranges  of  chemical  composition 
in  mafic  to  silicic  rocks  of  the  region  and  to  characterize  U  occurrence. 
It  was  found  that  the  U  /  Ti  ratio  correlates  with  approximate  silica 
content.  This  is  due  to  the  contrasting  behavior  of  Ti  and  U  in  magmas 
reflecting  the  difference  in  ionic  sizes.  This  relationship  does  not  mean 
that  all  of  these  rocks  are  necessarily  co-magmatic,  but  rather  that,  in  a 
given  volcanic  province,  chemical  composition  is  so  genetically  related  to 
rock  type  that  the  relationships  developed  among  chemical  elements  are 
the  result  of  their  geochemical  behavior. 

Sheep  Pasture  samples  also  were  analyzed  for  Rb,  Sr,  and  Zr,  and 
selected  samples  for  Th  and  K.  This  sequence  of  interbedded  tuffs  and 
ashes  is  between  two  thick  welded  tuffs  or  ignimbrites  (as  revealed  in  thin 
section)  cropping  out  on  the  side  of  Mount  Locke  in  Jeff  Davis  County, 
Texas  (Fig.  1).  These  units  represent  the  local  ashes  and  flows  in  the 
model  for  ignimbrite-type  eruptions  proposed  by  Sparks  and  Walker 
(1977).  This  locality  was  chosen  because  of  its  excellent  exposure  in  a 
recent  roadcut,  which  provides  less-altered  samples  than  available  in 
natural  exposures.  The  portion  of  the  outcrop  analyzed  is  56.65  meters 
thick  and  consists  of  pastel  tuffs  (indurated)  and  ash  (not  indurated)  units 
from  a  few  centimeters  to  more  than  four  meters  thick.  The  relationship 
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Figure  1.  Outline  map  of  Jeff  Davis,  Presidio,  and  Brewster  counties  showing  the  location 
of  Mount  Locke  (shaded  area). 


of  units  to  individual  eruptions  is  difficult  to  determine,  but  there  appears 
to  be  little  paleosoil  development,  so  that  emplacement  was  probably  of 
short  duration. 


Methods 

Samples  representative  of  diverse  rock  types  throughout  the  Trans-Pecos  area  and  a  series 
of  samples  from  one  outcrop  (ML)  were  collected  and  analyzed.  The  outcrop  was  measured 
and  whole-rock  samples  obtained  from  about  five  meters  within  the  lower  ignimbrite, 
through  the  tuff-ash  sequence,  and  into  the  upper  ignimbrite.  All  samples  were  analyzed 
for  U  by  delayed-neutron  counting,  a  method  that  is  fast,  nondestructive,  and  has  a 
detection  limit  below  one  part  per  million  U  (Ledger  et  al.,  1980).  Titanium,  Zr,  Rb,  and 
Sr  were  determined  by  x-ray  fluorescence  spectrometry  using  standard  techniques.  All 
analytical  methods  involved  comparing  samples  against  interlaboratory  rock  standards.  A 
smaller  interval  (ML  SELECT)  was  analyzed  for  Th  and  K  by  gamma  ray  spectrometry 
using  a  T1 -drifted  Nal  crystal  to  detect  the  gamma  ray  photons,  which  then  were  counted 
and  peaks  compared  by  the  method  of  Baedecker  (1971).  The  ML  SELECT  samples  are 
from  an  interval  35  meters  to  43  meters  above  the  datum.  All  analyses  have  uncertainties 
of  about  plus  or  minus  ten  per  cent. 
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Geochemical  Data 

Igneous  Rocks  of  the  Trans- Pecos  Area 

Igneous  rock  samples  with  various  silica  contents  were  sampled 
throughout  Brewster  and  Jeff  Davis  counties.  They  represent  a  wide 
range  of  rock  types  from  the  area  to  which  the  Sheep  Pasture  samples 
can  be  compared  and  placed  in  a  regional  context.  They  were  analyzed 
for  U  and  Ti,  and  are  arranged  by  U  /  Ti  ratios  of  less  than  10,  rhyolitic 
ashes  and  tuffs  around  10,  and  more  strongly  differentiated  rocks  greater 
than  10.  Glass-rich  units  of  rhyolitic  composition  have  U  /  Ti  ratios  near 
20.  In  comparison,  the  Sheep  Pasture  samples  have  an  average  U  /  Ti 
ratio  of  19.4,  and  range  from  5.7  to  51.1.  Thus,  from  a  regional 
perspective,  the  Sheep  Pasture  rocks  are  silica-rich  and  rather  highly 
differentiated. 

Sheep  Pasture  Formation  at  Mount  Locke 

The  U,  Sr,  Rb,  Ti  and  Zr  contents  of  each  sample  are  listed  in  Ledger 
(1981).  Uranium  in  the  Sheep  Pasture  Formation  exposed  on  Mount 
Locke  ranges  from  about  two  ppm  U  to  more  than  1 1  ppm,  averaging 
4.6  (Fig.  2).  High  U  contents  occur  in  green  ashes.  The  upper  and  lower 
welded  units,  which  are  less  altered  than  the  more  permeable  tuffs  and 
ashes,  contain  six  to  seven  ppm  U.  Except  for  a  few  units,  the  U  contents 
vary  within  narrow  limits,  but  there  is  a  slight  increase  in  U  in 
successively  younger  units  (Fig.  2).  Uranium  is  higher  in  glassy  units 
because  they  are  low  in  feldspar,  U  being  higher  in  glass  than  in  feldspar. 

Titanium  varies  greatly,  even  in  the  welded  units,  although  there  is  an 
overall  increase  upward  (Fig.  2).  Values  vary  from  about  0.12  percent  Ti 
to  more  than  0.40  percent  Ti.  Titanium  is  present  as  rutile  and  anatase 
in  addition  to  occurring  in  the  glass.  There  is  a  slight  correlation  of  Ti 
with  Ca. 

Rubidium  content  varies  widely  in  the  tuffs  and  ashes,  but  is  uniformly 
high  (>300  ppm  Rb)  in  the  welded  units  (Fig.  2).  As  expected,  Rb  and 
U  exhibit  similar  trends  in  this  sequence  of  rocks.  Strontium  values 
exhibit  two  distinct  maxima  in  the  tuffs  and  ashes,  and  are  very  low  in 
the  welded  units.  This  distribution  is  antithetic  to  that  of  U  and  Rb. 

Zirconium  also  displays  a  distribution  similar  to  U,  in  that  high  values 
are  in  the  welded  units,  with  sporadic  highs  in  the  tuffs  and  ashes, 
including  the  green  ashes  (Fig.  3).  Thorium  and  K  were  determined  on 
the  ML  SELECT  interval  (Fig.  4).  Thorium  exhibits  a  strong  increase 
upward  (younger)  in  this  eight-meter  interval  averaging  24  ppm  Th. 
Potassium  increases  slightly  upward  averaging  about  three  percent  K.  In 
this  interval,  U  correlates  with  Zr  and  Th,  and  the  average  Th  /  U  ratio 
is  1.8  reflecting  the  higher  U  content  of  these  samples  compared  to 
average  crustal  abundances. 
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VERTICAL  DISTANCE  ABOVE  DATUM  (cm) 

Figure  2.  Concentrations  of  Rb,  U,  Ti,  and  Sr  with  respect  to  outcrop  position,  Mount 
Locke  section. 


VERTICAL  DISTANCE  ABOVE  DATUM  (cm) 

Figure  3.  Concentrations  of  Zr  and  U  with  respect  to  outcrop  position.  Mount  Locke 
section. 
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VERTICAL  DISTANCE  ABOVE  DATUM  (cm) 

Figure  4.  Concentrations  of  U,  K,  and  Th  with  respect  to  outcrop  position.  Mount  Locke 
section. 


Discussion 

Original  magma  composition,  crystal  fractionation,  magma  mixing, 
assimilation  of  country  rock,  the  geochemical  behavior  of  each  element 
and  other  factors  can  affect  the  chemical  composition  of  the  rocks 
formed  in  a  given  volcanic  province  through  time.  Table  1  shows  samples 
from  throughout  the  Trans-Pecos  area  arranged  by  U  /  Ti  ratio.  It  is 
apparent  that  a  systematic  increase  of  U  /  Ti  ratio  exists  among  the 
diverse  rock  types  of  the  area,  and  the  increase  corresponds  evidently 
with  silica  content.  Uranium  content  varies  from  a  low  in  the  basalt  of 
1.17  ppm  U  to  about  five  ppm  in  the  rhyolitic  rocks,  and  more  than  10 
ppm  in  vitrophyre  and  a  highly  differentiated  dike  rock.  Titanium,  on  the 
other  hand,  exhibits  an  antithetic  relationship  through  the  same  group  of 
samples  varying  from  a  high  of  more  than  two  percent  in  the  basalt,  less 
than  one  percent  in  the  syenites  and  latites,  to  a  few  tenths  of  a  percent 
in  the  rhyolitic  rocks.  Ratios  of  these  values  accentuate  the  compositional 
changes  resulting  in  the  sequence  in  Table  1  in  which  the  U  /  Ti  ratio 
ranges  from  less  than  one  in  the  basalt,  somewhat  less  than  10  in  the 
syenites  and  latites,  about  20  in  the  rhyolites,  and  even  greater  in  the 
strongly  differentiated  silicic  rocks. 

The  Sheep  Pasture  samples  (ML  and  ML  SELECT)  are  not  so 
lithologically  diverse  as  the  samples  shown  in  Table  1.  Their  average  U/ 
Ti  ratio  of  21  places  them  near  the  middle  of  Table  1  with  the  rhyolites 
(which  they  are).  Uranium  and  Th  generally  exhibit  similar  trends,  but 
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Table  1.  Rock  type,  and  U  and  Ti  contents  of  selected  Trans-Pecos  volcanic  rocks, 
arranged  by  U  /  Ti  ratio. 


Rock  type 

U  (ppm) 

Ti  (%) 

U/Ti 

basalt 

1.17 

2.13 

0.059 

syenite 

2.77 

0.597 

4.78 

latite 

5.03 

0.684 

7.35 

latite 

5.24 

0.629 

8.33 

latite 

5.15 

0.612 

8.42 

syenite 

5.00 

0.553 

9.04 

rhyolitic  ash 

4.85 

0.363 

13.4 

rhyolite  prophyry 

7.39 

0.362 

20.4 

rhyolitic  ash 

3.12 

0.152 

20.5 

rhyolitic  tuff 

4.71 

0.206 

22.9 

granite 

5.28 

0.182 

29.0 

vitrophyre 

12.4 

0.316 

39.2 

riebeckite  rhyolite 

5.39 

0.132 

40.8 

riebeckite  rhyolite 

6.32 

0.126 

50.2 

rhyolite  prophyry 

26.0 

0.166 

157.0 

high  values  do  not  occur  in  exactly  the  same  samples  (Fig.  4).  Potassium 
does  not  vary  much  in  the  eight-meter  interval  of  ML  SELECT.  Uranium 
shows  a  positive  correlation  with  Th,  but  far  from  a  perfect  one. 

Uranium  and  Rb  show  little  correlation,  probably  because  these 
extrusive  rocks  are  not  so  highly  fractionated  as  to  separate  these 
elements.  This  is  further  shown  by  Rb  and  K,  which  correlate  to  a  slight 
degree.  In  these  rocks,  differentiation  has  not  proceeded  so  as  to  partition 
U,  K,  and  Rb. 

Elemental  trends  in  the  vertical  sequence  of  units  on  Mount  Locke 
record  a  complex  eruptive  history.  Elements  that  are  reliable  indicators 
of  differentiation  show  that  these  units  do  not  represent  steady 
differentiation  of  a  single  magma.  Our  results  are  consistent  with  those 
of  Mattison  (1978),  who  measured  composition  trends  in  anorthoclase 
phenocrysts  and  found  that  they  could  not  be  accounted  for  by  “a  simple 
crystallization  differentiation  model.”  However,  his  finding  of  an  overall 
increase  in  Na  in  the  anorthoclase  with  time  is  consistent  with  our 
findings  that  most  elements,  taken  throughout  the  vertical  sequence,  show 
a  normal  differentiation  trend. 


Conclusions 

The  Sheep  Pasture  tuffs  at  Mount  Locke  represent  a  series  of  eruptions 
probably  from  a  source  in  the  Davis  Mountains.  The  eruptions  produced 
many  distinct  units  with  little  time  between  the  deposition  of  the  units. 
All  of  the  units  represent  somewhat  differentiated  magma  as  they  are 
rhyolites,  but  some  dikes  and  other  quartz-bearing  rocks  of  the  area  are 
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more  highly  differentiated.  Those  rocks  are  not  necessarily  intimately 
related  to  the  Sheep  Pasture  tuffs. 

Regardless  of  the  relationship  of  each  recognized  unit  to  eruptive 
activity,  each  has  a  distinct  'lithology  and  chemical  composition.  The 
chemical  compositions  show  trends,  especially  in  some  trace  elements,  but 
the  trends  are  not  always  in  the  direction  of  normal  differentiation. 
Therefore  complex  volcanic  processes  including  replenishment  of  magma 
from  below,  mixing  of  magma,  and  differentiation  have  played  a  role  in 
the  origin  of  the  units.  Even  so,  there  are  subtle  overall  trends  due  to 
differentiation  of  the  magmas  of  the  area. 
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GEOGRAPHIC  VARIATION  IN  THE  PLAINS  POCKET  MOUSE 
(. PEROGNATHUS  FLAVESCENS)  ON  THE  GREAT  PLAINS 


Kent  M.  Reed  and  Jerry  R.  Choate 

Museum  of  the  High  Plains,  Fort  Hays  State  University,  Hays,  Kansas  67601 

Abstract. — Variation  in  cranial  and  dental  measurements  and  pelage  coloration  was 
assessed  within  and  among  24  samples  of  Perognathus  flavescens  from  the  Great  Plains. 
Analyses  revealed  four  geographically  separated  phena  corresponding  to  the  four  currently 
recognized  subspecies  ( P.  f  cockrumi,  P.  f  copei,  P.  f.  flavescens ,  and  P.  f.  perniger). 
Samples  of  the  two  subspecies  that  occur  in  Kansas  (P  f  cockrumi  and  P.  f  flavescens) 
were  distinguishable  only  by  color  of  pelage.  No  changes  in  classification  are  proposed  at 
this  time.  Key  words:  Great  Plains;  Perognathus  flavescens ;  geographic  variation. 

The  plains  pocket  mouse  ( Perognathus  flavescens )  ranges  from  the 
Mississippi  River  across  the  Great  Plains  into  the  Southwest  (Hall,  1981; 
Jones  et  al.,  1986).  The  species  is  most  common  where  soil  is  sandy 
(Maxwell  and  Brown,  1968;  Reed  and  Choate,  1986),  and  its  distribution 
thus  may  be  discontinuous. 

Four  of  the  eight  subspecies  of  P.  flavescens  currently  recognized  (Hall, 
1981;  Williams,  1978)  occur  primarily  on  the  Great  Plains.  Williams 
(1978)  studied  the  relationships  of  the  southwestern  subspecies  (P.  f 
apache,  P.  f  caryi,  P.  f  melanotis ,  and  P.  f  relict  is),  all  of  which  formerly 
were  regarded  as  subspecies  of  P.  apache ,  to  define  interspecific 
relationships  in  the  P  fasciatus  group.  The  objectives  of  this  study  were 
to  analyze  patterns  of  geographic  variation  in  morphology  among 
populations  of  P.  flavescens  on  the  Great  Plains  and  thereby  to  assess  the 
taxonomic  status  of  the  subspecies  P.  f  cockrumi,  P  f  copei,  P  f 
flavescens ,  and  P  f  perniger. 

Materials  and  Methods 

We  examined  749  specimens  of  P  flavescens  housed  in  the  following  collections: 
Biological  Survey/ Fort  Collins  Collections,  U.S.  Fish  and  Wildlife  Service  (BS/FC); 
Central  College,  Iowa  (CUI);  Denver  Museum  of  Natural  History  (DMNHC);  Natural 
History  Museum,  Eastern  New  Mexico  University  (ENMU);  Museum  of  Natural  History, 
University  of  Kansas  (KU);  Museum  of  the  High  Plains,  Fort  Hays  State  University 
(MHP);  Museum  of  Natural  History,  University  of  Minnesota  (MMNH);  Museum  of 
Southwestern  Biology,  University  of  New  Mexico  (MSB);  Museum  of  Natural  and  Cultural 
History,  Oklahoma  State  University  (OSU);  Texas  Cooperative  Wildlife  Collections,  Texas 
A&M  University  (TCWC);  The  Museum,  Texas  Tech  University  (TTU);  University  of 
Colorado  Museum  (UCM);  Museum  of  Zoology,  University  of  Michigan  (UMMZ);  State 
Museum,  University  of  Nebraska  (UNSM);  National  Museum  of  Natural  History  (USNM). 

Individuals  were  assigned  to  one  of  five  age  classes  based  on  dental  characteristics 
(Williams,  1978).  Geographically  adjacent  samples  were  pooled  to  increase  sample  sizes,  but 
pooled  samples,  with  the  exception  of  sample  21,  did  not  contain  specimens  from  more  than 
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one  subspecies  as  mapped  by  Hall  (1981).  Sample  21  was  from  the  intersection  of  three 
of  the  subspecies. 

A  total  of  24  samples  (Fig.  1)  was  available  for  statistical  analyses.  1)  South  Dakota: 
Richland  County;  2)  South  Dakota:  Potter  County;  3)  Minnesota:  Anoka  and  Sherburne 
counties;  4)  South  Dakota:  Bennett  County;  5)  South  Dakota:  Todd  and  Trip  counties; 
6)  Iowa:  Monona  County;  South  Dakota:  Bon  Homme  and  Clay  counties;  7)  Nebraska: 
Sheridan  County;  8)  Nebraska:  Cherry  County;  9)  Nebraska:  Arthur  and  Garden  counties; 
10)  Nebraska:  Thomas  County;  11)  Nebraska:  Custer  and  Lincoln  counties;  12)  Colorado; 
Boulder  and  Weld  counties;  13)  Colorado:  Logan  County;  14)  Nebraska:  Buffalo  and 
Kearney  counties;  15)  Colorado:  Adams  and  Arapahoe  counties;  16)  Colorado: 
Washington  County;  17)  Colorado:  Yuma  County;  Kansas:  Cheyenne  County;  18)  Kansas: 
Finney  and  Morton  counties;  19)  Kansas:  Harvey  County;  20)  Kansas:  Barber  and  Pratt 
counties;  Oklahoma:  Woods  County;  21)  Oklahoma:  Harper  and  Woodward  counties; 
Texas:  Hemphill  County;  22)  New  Mexico:  Chavez  and  Roosevelt  counties;  Texas:  Bailey 
and  Lamb  counties;  23)  New  Mexico:  Eddy  and  Lea  counties;  24)  Texas:  Andrews  and 
Winkler  counties. 

Seventeen  cranial  and  dental  measurements  were  recorded  to  the  nearest  0.1  mm  using 
dial  calipers  and  an  ocular  micrometer  mounted  in  a  dissecting  microscope:  greatest  length 
of  skull  (GLS);  palatal  length  (PL);  nasal  length  (NL);  interorbital  breadth  (IOB);  bullar 
length  (BL);  bullar  width  (BW);  interparietal  length  (IPL);  interparietal  width  (IPW);  length 
of  maxillary  toothrow  (LMXT);  width  of  maxillary  toothrow  (WMXT);  length  of 
mandibular  toothrow  (LMNT);  width  of  upper  first  molar  (WM1);  length  of  lower  first 
molar  (LMi);  width  of  lower  first  molar  (WMi);  width  of  upper  fourth  premolar  (WP4); 
length  of  lower  fourth  premolar  (LP4);  width  of  lower  fourth  premolar  (WP4).  These 
measurements  are  among  those  found  most  significantly  different  between  geographically 
adjacent  samples  by  Williams  (1978).  Measurements  were  taken  as  described  by  Williams 
(1978)  with  the  exception  of  bullar  length,  which  was  measured  along  the  axis  of  the  bulla 
rather  than  the  axis  of  the  skull. 

Preliminary  analysis  revealed  extensive  variation  with  age  in  dental  characteristics. 
Therefore,  only  adults  and  old  adults  (age  classes  4  and  5)  were  used  for  subsequent 
analyses.  The  percentage  contribution  of  each  measurement  to  the  total  variance  of  sex,  age, 
sex  by  age  interaction,  and  “error”  (residual  individual  variation)  for  the  17  cranial  and 
dental  measurements  was  estimated  for  sample  8  with  the  VARCOMP  procedure  of  the 
Statistical  Analysis  System  (SAS)  84.2  (Ray,  1982).  Percentages  were  calculated  by  dividing 
each  factor  total  by  the  grand  total.  Negative  numbers  were  treated  as  zero.  The  analysis 
was  run  with  sex  entered  first  because  sex  is  more  clearly  a  fixed  factor  than  age. 

Descriptive  statistics  (mean,  range,  standard  error,  and  coefficient  of  variation)  were 
obtained  for  each  variable  in  each  of  the  pooled  samples  using  the  UNIVARIATE 
procedure  of  SAS.  Geographic  variation  was  assessed  for  each  variable  using  Duncan’s 
multiple  range  test  (DUNCAN)  to  compare  ranked  means.  Based  on  the  results  of  the 
preliminary  analysis  of  geographic  variation,  the  24  samples  were  further  pooled  (Fig.  1) 
as  follows:  A)  samples  1-3  and  6  (representing  P.  f.  perniger)\  B)  4,  5,  7-11,  and  14 
(northeastern  samples  of  P.  f.  flavescens );  C)  12,  13,  and  15-17  (western  samples  of  P.  f. 
flavescens)',  D)  18  (southeastern  sample  of  P.  f  flavescens );  E)  19  and  20  (representing  P. 
f  cockrumi)\  and  F)  22-24  (samples  of  P.  f  copei).  Because  sample  21  crossed  subspecific 
boundaries  as  mapped  by  Hall  (1981),  it  was  not  included  in  any  pooled  sample. 

Multivariate  analyses  excluded  PL  because  of  a  large  number  of  missing  values.  Standard 
character  means  for  each  sample  were  used  to  prepare  a  character  correlation  matrix,  and 
these  were  subjected  to  principal  components  analysis. 

Pelage  characteristics  for  representative  samples  of  each  subspecies  were  compared. 
Tricolored  dorsal  hairs  were  examined  and  percent  coverage  of  each  color  (gray, 
ochraceous-buff,  and  black)  was  estimated.  Venter  color  (percent  of  white)  and  undercoat 
color  (either  ochraceous  or  buff)  also  were  recorded. 
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Figure  1.  Geographic  distribution  of  the  four  subspecies  of  Perognathus  flavescens  on  the 
Great  Plains,  showing  locations  of  pooled  samples  (see  text). 


Results 

Variance  components  and  sums  of  squares  yielded  similar  results  (Table 
1).  Variance  component  estimates  generally  were  larger  than  sums  of 
squares  for  sex  and  age,  but  the  reverse  was  true  for  sex  by  age 
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Table  1.  Percent  contribution  to  the  total  variance  by  sex  (S),  age  (A),  sex  by  age 
interaction  (S  X  A),  and  error  (E)  for  17  morphometric  variables  in  Perognathus 
flavescens. 


Variable 

Variance  components 

Sums  of  squares 

s 

A 

S  X  A 

E 

S 

A 

S  X  A 

E 

GLS 

0.0 

0.0 

10.0 

89.9 

5.1 

0.7 

5.9 

88.2 

PL 

0.3 

9.3 

0.0 

90.4 

0.2 

5.7 

2.0 

92.1 

NL 

5.0 

0.0 

0.0 

95.0 

3.3 

0.4 

2.6 

93.7 

IOB 

1.7 

34.6 

0.0 

63.6 

0.0 

17.6 

1.2 

81.2 

BL 

6.3 

5.7 

0.0 

88.0 

0.1 

2.2 

0.4 

97.3 

BW 

17.9 

0.0 

0.0 

82.0 

8.0 

0.5 

0.9 

90.3 

IPL 

0.0 

0.0 

41.7 

58.3 

10.1 

0.0 

13.4 

76.5 

IPW 

13.3 

1.7 

0.0 

85.0 

4.1 

0.5 

0.3 

95.1 

LMXT 

12.0 

1.5 

0.0 

86.5 

2.7 

0.1 

0.0 

97.2 

WMXT 

8.6 

10.6 

0.0 

80.8 

1.2 

4.2 

0.1 

94.4 

LMNT 

6.8 

2.5 

0.0 

90.7 

1.0 

1.3 

0.8 

96.9 

WM1 

0.0 

6.9 

0.0 

93.1 

0.0 

6.3 

3.8 

89.9 

LM, 

0.0 

0.0 

41.0 

59.0 

1.6 

0.0 

14.4 

84.0 

WM, 

0.0 

0.0 

7.9 

92.1 

0.0 

2.9 

5.7 

91.4 

WP4 

0.0 

56.4 

6.2 

37.4 

5.0 

35.8 

4.2 

55.0 

lp4 

6.1 

4.0 

0.0 

89.9 

2.8 

3.1 

1.9 

92.2 

WP4 

6.7 

0.0 

0.0 

93.3 

0.1 

0.7 

0.4 

98.8 

interaction  and  error.  Sex  influenced  the  variability  of  only  four 
measurements  (BW,  LMXT,  IPW,  and  IPL)  by  as  much  as  10  percent. 
The  influence  of  age  for  this  analysis  was  limited  to  differences  between 
adults  and  old  adults  (age  classes  4  and  5).  Age  contributed  appreciably 
to  the  variation  found  only  in  IOB  and  WP4.  Likewise,  sex  by  age 
interaction  contributed  appreciably  to  variability  in  only  IPL  and  LMi. 
Therefore,  it  was  judged  appropriate  to  pool  adults  and  old  adults  of 
both  males  and  females  for  subsequent  analyses.  Most  of  the  variability 
within  samples  was  “error”  and  was  interpreted  as  individual  variation. 

Results  of  the  univariate  analysis  of  the  initial  24  geographic  samples 
are  available  from  the  authors.  Significant  geographic  variation  was 
found  for  every  cranial  and  dental  measurement,  but  subsets  of  means 
overlapped  broadly.  The  two  samples  representing  P.  f  cockrumi  (19  and 
20)  differed  significantly  from  other  samples  only  for  BL  and  averaged 
smallest  of  all  the  samples  for  all  measurements  except  IOB,  IPW,  IPL, 
LMNT,  and  WP4.  Samples  of  P.  f  copei  (22-24)  differed  significantly 
only  for  GLS,  and  samples  of  P.  f  perniger  (1-3,  and  6)  also  differed 
significantly  only  for  GLS.  Although  samples  of  P.  f  flavescens  exhibited 
considerable  variation,  little  of  it  was  statistically  significant.  Samples 
(18-20)  from  Kansas  ( P !  f  cockrumi  and  the  southeastern  sample  of  P 
f  flavescens )  generally  were  smaller  than  other  samples  of  P.  flavescens. 
Cranial  measurements  associated  with  rostral  size  (LMXT,  WMXT,  NL, 
and  LMNT)  and  most  dental  measurements  (WM1,  LP4,  WMi,  and  WP4) 
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were  largest  in  P.  f  perniger  and  decreased  in  size  southwestward,  as  did 
IPW.  Conversely,  measurements  associated  with  width  of  the  skull  and 
both  length  and  width  of  the  bullae  were  largest  in  R  f  copei  and 
became  smaller  northeastwardly.  Samples  that  did  not  fit  this  pattern 
were  those  from  Kansas  (18-20),  which,  as  noted  previously,  averaged 
smaller  than  other  samples  for  several  measurements. 

Results  of  univariate  analysis  of  the  six  pooled  samples  are 
summarized  in  Table  2.  The  southeastern  sample  (D)  of  P.  f  flavescens 
and  the  pooled  sample  (E)  of  P.  f  cockrumi  were  smallest  for  10  of  the 
16  cranial  and  dental  measurements.  The  northeastern  (B)  and  western 
(C)  samples  of  P  f  flavescens  did  not  differ  significantly  for  any 
measurement.  The  pooled  sample  (A)  of  P.  f  perniger  was  largest  for 
eight  of  the  16  measurements,  whereas  P.  f  copei  (F)  had  significantly 
longer  bullae  and  was  significantly  broader  in  the  interorbital  region  than 
other  samples. 

The  first  three  principal  components  accounted  for  67.7  percent  (36.1 
percent,  21.3  percent,  and  10.3  percent,  respectively)  of  the  variation.  In 
a  three-dimensional  plot  (Fig.  2),  Vector  I  separated  the  southeastern 
sample  of  P.  f  flavescens  (18)  and  the  samples  of  P.  f  cockrumi  (19  and 
20)  from  other  samples.  Vector  II  separated  P.  f  perniger  (samples  1-3 
and  6)  from  samples  of  the  other  taxa.  Vector  III  reflected  the  northeast 
to  southwest  cline  and  weakly  separated  P  f  copei  (samples  22-24)  from 
all  but  a  few  samples  (7,  10,  11,  15,  and  16)  of  P.  f  flavescens. 

Character  loadings  on  the  first  three  principal  components  are 
summarized  in  Table  3.  Six  of  the  16  cranial  and  dental  measurements 
(GLS,  LMXT,  WMXT,  WM1,  LM,,  and  WP4)  were  correlated  positively 
and  one  (IPF)  was  strongly  correlated  negatively  with  principal 
component  I.  Principal  component  II  was  loaded  most  by  BW,  IOB,  and 
BL  (positive  coefficients)  and  by  WP4  (negative  coefficient);  BW  and  BL 
probably  were  responsible  for  separation  of  samples  of  P.  f  copei  from 
other  samples  along  this  axis.  Likewise,  NL  and  LMNT  were  correlated 
positively  with  principal  component  III,  whereas  IPW  and  WMi  were 
correlated  negatively  for  this  component. 

The  subspecies  P.  f  cockrumi  and  P.  f  perniger  are  characterized  by 
an  ochraceous  undercoat  with  an  overwash  of  black  (Table  4).  In  P.  f 
perniger ,  a  greater  percentage  of  the  length  of  the  hairs  is  black  and  the 
overall  coloration  thus  appears  darker  than  in  P  f  cockrumi ,  in  which 
more  of  the  length  of  the  hairs  is  ochraceous.  In  P.  f  copei ,  more  than 
half  of  each  hair  is  ochraceous  and  black  is  nearly  nonexistent.  Pelage 
coloration  in  P.  f  flavescens  is  like  that  in  P  f  copei  except  that 
individual  hairs  have  longer  gray  components  and  shorter  ochraceous- 
buff  elements.  In  northern  populations  of  P.  flavescens ,  white  hairs  on 
the  venter  are  limited  to  a  small  patch  on  the  throat  and  chest;  farther 
south,  the  venter  is  totally  white. 
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Table  2.  Geographic  variation  in  cranial  and  dental  measurements  of  adult  Perognathus 
flavescens  (A,  P.  f  pernigen  B,  northeastern  samples  of  P.  f  flavescens,  C,  western 
samples  of  P.  f  flavescens ;  D,  southeastern  sample  of  P.  f  flavescens ;  E,  P.  f  cockrumi\ 
F,  P.  f.  copei).  Vertical  lines  represent  nonsignificant  subsets  as  determined  by  Duncan’s 
multiple  range  test.  F  value  for  each  variable  is  indicated  in  parentheses. 


Sample 

N 

Mean 

2  SE 

Range 

CV 

Greatest  length  of  skull  (F  =  5.93) 

C 

24 

21.80 

0.263 

20.6-22.9 

2.96 

B 

85 

21.62 

0.100 

20.5-23.0 

2.13 

A 

20 

21.55 

0.408 

20.7-22.4 

2.49 

F 

27 

21.32 

0.234 

20.4-22.6 

2.85 

D 

5 

21.12 

0.412 

20.8-21.8 

2.18 

E 

9 

20.89 

0.293 

20.3-21.4 

2.11 

Nasal  length  (F  =  3.15) 

A 

20 

7.25 

0.151 

6. 6-7. 8 

4.66 

C 

24 

7.22 

0.148 

6. 7-8. 2 

5.05 

B 

85 

7.17 

0.064 

6. 6-7. 9 

4.11 

F 

27 

7.01 

0.148 

6.5-8. 2 

5.49 

D 

5 

6.94 

0.196 

6. 8-7. 3 

3.16 

E 

9 

6.91 

0.143 

6. 6-7. 3 

3.11 

Interorbital  breadth  (F  = 

7.31) 

1 

F 

27 

5.12 

0.113 

4.3-5. 6 

5.69 

B 

85 

4.99 

0.287 

4.7-5. 3 

2.65 

C 

24 

4.98 

0.054 

4.7-5. 3 

2.66 

A 

20 

4.90 

0.056 

4.7-5. 2 

2.56 

E 

9 

4.85 

0.111 

4.6-5. 1 

3.43 

D 

5 

4.82 

0.147 

4. 6-5.0 

3.41 

Bullar  length  (F  =  32.85) 

1 

1  F 

27 

7.21 

0.119 

6. 8-7. 7 

4.28 

C 

24 

6.82 

0.107 

6. 2-7. 3 

3.84 

B 

85 

6.68 

0.052 

6. 3-7. 6 

3.62 

D 

5 

6.62 

0.240 

6. 4-7.0 

4.05 

1  E 

9 

6.36 

0.216 

5.9-6. 8 

5.09 

A 

20 

6.35 

0.084 

6.0-6. 7 

2.96 

Bullar  width  (F  =  19.71) 

F 

27 

12.16 

0.165 

11.3-12.9 

3.53 

C 

24 

1 1.91 

0.147 

11.6-12.4 

3.02 

B 

85 

1 1.76 

0.059 

11.1-12.6 

2.27 

A 

20 

11.52 

0.126 

10.6-11.9 

2.44 

E 

9 

11.24 

0.21 1 

10.9-11.7 

2.82 

D 

5 

11.18 

0.312 

10.6-11.5 

3.12 

Interparietal  length  (F  = 

16.37) 

C 

24 

2.49 

0.089 

2.0-2. 8 

8.82 

D 

5 

2.48 

0.133 

2. 3-2. 7 

5.98 

B 

10 

2.45 

0.004 

2.0-2. 9 

8.44 

E 

9 

2.41 

0.131 

2. 1-2.7 

8.15 

F 

27 

2.40 

0.096 

2.0-2. 8 

10.35 

1  A 

20 

2.00 

0.074 

1. 7-2.3 

8.27 
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Table  2 — Continued. 


Sample 

N 

Mean 

2  SE 

Range 

cv 

Interparietal  width  (F  = 

25.83) 

B 

85 

4.73 

0.048 

4.2-5. 4 

4.67 

C 

24 

4.58 

0.132 

3.9-5. 3 

7.08 

E 

9 

4.44 

0.149 

4.0-4. 7 

5.04 

A 

20 

4.36 

0.088 

4.0-4. 7 

4.54 

D 

5 

4.34 

0.185 

4.0-4. 5 

4.78 

F 

27 

4.19 

0.105 

3. 6-4. 8 

6.49 

Length  of  maxillary  toothrow  (F  = 

2.64) 

A 

20 

2.97 

0.056 

2.7-3. 2 

4.24 

F 

27 

2.92 

0.042 

2.7-3. 1 

3.72 

C 

24 

2.91 

0.045 

2.7-3. 1 

3.78 

B 

85 

2.90 

0.257 

2.6-3. 1 

4.07 

D 

5 

2.86 

0.120 

2. 7-3.0 

4.69 

E 

9 

2.81 

0.070 

2. 7-3.0 

3.75 

Width  of  maxillary  toothrow  (F  = 

15.79) 

A 

20 

4.02 

0.047 

3. 9-4. 3 

2.63 

B 

85 

3.99 

0.026 

3. 7-4.4 

3.01 

C 

24 

3.97 

0.043 

3. 8-4.2 

2.62 

F 

27 

3.94 

0.053 

3. 8-4.3 

3.47 

1 

1  D 

5 

3.78 

0.098 

3.6-3. 9 

2.89 

1 

1  E 

9 

3.66 

0.067 

3. 5-3. 8 

2.73 

Length  of  mandibular  toothrow  (F 

= 

5.69) 

A 

20 

2.75 

0.064 

2.6-3. 1 

5.19 

C 

24 

2.73 

0.045 

2. 5-3.0 

3.82 

F 

27 

2.69 

0.057 

2.5-3. 1 

5.54 

E 

9 

2.66 

0.082 

2. 5-2. 8 

4.59 

B 

85 

2.63 

0.023 

2. 3-2. 8 

4.02 

D 

5 

2.60 

0.063 

2.5-2.1 

2.72 

Width  of  upper  first  molar  (F  =  6.80) 

A 

20 

1.01 

0.020 

0.9-1. 1 

4.43 

B 

85 

0.99 

0.113 

0.9-1. 1 

5.23 

C 

24 

0.98 

0.060 

0.9-1. 1 

6.48 

F 

27 

0.96 

0.024 

0.8-1. 1 

6.42 

D 

5 

0.92 

0.040 

0. 9-1.0 

4.86 

E 

9 

0.91 

0.022 

0.9-1. 0 

3.66 

Length  of  lower  first  molar  (F  =  3.24) 

B 

85 

0.81 

0.011 

0.7-1.0 

6.42 

F 

27 

0.80 

0.017 

0. 7-0.9 

5.44 

A 

20 

0.79 

0.017 

0. 7-0.9 

4.96 

C 

24 

0.78 

0.014 

0.7-0. 8 

4.29 

D 

5 

0.78 

0.040 

0.7-0. 8 

5.73 

E 

9 

0.75 

0.035 

0.7-0. 8 

6.97 
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Table  2 — Continued. 


Sample 

N 

Mean 

2  SE 

Range 

cv 

Width  of  lower  first  molar  (F  =  3.52) 

A 

20 

0.85 

0.083 

0.8-0. 9 

5.97 

B 

85 

0.84 

0.011 

0. 8-1.0 

6.19 

C 

24 

0.84 

0.021 

0. 8-0.9 

5.90 

F 

27 

0.81 

0.021 

0. 7-0.9 

6.55 

D 

5 

0.80 

0.000 

0.8-0. 8 

0.00 

E 

9 

0.80 

0.000 

0.8-0. 8 

0.00 

Width  of  upper  fourth  premolar  (F  — 

3.63) 

C 

24 

0.90 

0.032 

0.8-1. 1 

8.54 

B 

85 

0.89 

0.016 

0.7-1 .0 

8.20 

F 

27 

0.88 

0.027 

0.8-1 .0 

8.11 

A 

20 

0.85 

0.031 

0.8-1 .0 

8.03 

E 

9 

0.82 

0.016 

0.7-0. 9 

10.14 

D 

5 

0.80 

0.063 

0. 7-0.9 

8.84 

Length  of  lower  fourth  premolar  (F  = 

=  3.02) 

A 

20 

0.73 

0.050 

0. 6-1.0 

15.46 

C 

24 

0.69 

0.039 

0.6-0. 9 

14.08 

F 

27 

0.67 

0.038 

0.5-0. 8 

14.81 

D 

5 

0.66 

0.049 

0.6-0. 7 

8.29 

B 

85 

0.65 

0.182 

0.5-0. 9 

12.91 

E 

9 

0.63 

0.057 

0.5-0. 8 

13.67 

Width  of  lower  fourth  premolar  (F  = 

4.73) 

1  A 

20 

0.60 

0.015 

0.5-0. 7 

5.41 

F 

24 

0.55 

0.019 

0.5-0. 6 

9.27 

E 

9 

0.54 

0.044 

0.5-0. 6 

9.68 

B 

85 

0.54 

0.011 

0.5-0. 6 

9.17 

C 

24 

0.54 

0.021 

0.5-0. 6 

9.29 

D 

5 

0.54 

0.049 

0.5-0. 6 

10.14 

Discussion 

In  most  respects,  data  from  this  study  support  the  current  arrangement 
of  subspecies  of  P.  flavescens  on  the  Great  Plains.  P.  f  perniger  is 
distinguished  by  its  large  overall  size  and  dark  color,  P.  f  copei  by  its 

large  bullae,  broad  interorbital  region,  and  pale  color,  P.  f  cockrumi  by 

its  small  size  and  relatively  dark  color,  and  P.  f  flavescens  by  its 

intermediate  size  and  color.  No  direct  evidence  of  intergradation  was 
found  among  these  four  subspecies. 

However,  the  distinction  between  P.  f  flavescens  and  P  f  cockrumi  is 
not  clearcut.  The  southernmost  sample  of  P  f  flavescens ,  from 

southwestern  Kansas,  is  indistinguishable  in  morphometric  features  from 
the  samples  of  P  f  cockrumi  from  central  Kansas;  if  only  morphometric 
characters  were  considered,  the  evidence  would  justify  reassigning 
populations  of  P.  f  flavescens  in  southwestern  Kansas  to  the  subspecies 
P.  f  cockrumi.  However,  as  noted  by  Hall  (1954),  pelage  coloration  of 
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Figure  2.  Three-dimensional  plot  of  the  first  three  principal  components  for  samples  of 
Perognathus  flavescens.  Samples  are  the  same  as  in  Figure  1.  Open  circles  represent  P. 
f  copei,  circles  half  shaded  indicate  P.  f  flavescens,  circles  three-fourths  shaded 
represent  P  f.  cockrumi ,  and  solid  circles  indicate  samples  of  P.  f  perniger.  Solid  square 
indicates  sample  21,  which  contains  specimens  of  two  subspecies. 

specimens  of  P.  f  flavescens  from  southwestern  Kansas  more  nearly 
resembles  that  of  specimens  of  P.  f  flavescens  from  Nebraska  and 
Colorado  and  is  decidely  paler  than  that  of  specimens  of  P.  f  cockrumi. 
This  difference  in  pelage  coloration  was  the  only  character  on  which  Hall 
based  his  recognition  of  the  subspecies  P  f  cockrumi ,  and  samples 
examined  for  this  study  show  no  evidence  of  intergradation  in  this 
character. 

Biogeographically,  populations  of  P.  flavescens  in  central  and 
southwestern  Kansas  have  closer  affinites  with  each  other  than  either 
does  with  populations  located  farther  north  or  west.  A  nearly  continuous 
band  of  sandy  habitat  inhabited  by  P  flavescens  stretches  from  central 
Kansas  across  southwestern  Kansas  and  adjacent  areas  of  Oklahoma  into 
southeastern  Colorado  and  northeastern  New  Mexico  along  the  Arkansas 
and  Cimarron  rivers  (Kiichler,  1974).  No  such  avenues  of  dispersal 
connect  with  other  known  populations  of  P  flavescens  to  the  north  and 
west.  Populations  of  P  flavescens  in  these  sandy  habitats  almost  certainly 
are  not  isolated  geographically  or  genetically,  as  reflected  by  the  nearly 
identical  measurements  of  specimens  from  these  samples. 

Ecologically,  the  vegetative  community  type  inhabited  by  P.  f 
cockrumi  in  central  Kansas  is  classified  as  sandhills  prairie,  whereas  that 
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Table  3.  Character  loadings  on  the  first  three  principal  components  for  16  cranial  and 
dental  measurements  in  24  samples  of  Perognathus  flavescens. 


I 

II 

III 

Eigenvalue 

5.780 

3.402 

1.647 

Percent  total  variance 

36.1 

21.3 

10.3 

Cumulative  percent  variance 

36.1 

57.4 

67.7 

Characters 

Greatest  length  of  skull 

0.278 

0.122 

-0.054 

Nasal  length 

0.015 

-0.053 

0.309 

Interorbital  breadth 

0.208 

0.283 

0.210 

Bullar  length 

0.161 

0.404 

0.280 

Bullar  width 

0.212 

0.390 

0.200 

Interparietal  length 

-0.749 

0.455 

0.017 

Interparietal  width 

0.005 

0.251 

-0.415 

Length  of  maxillary  toothrow 

0.341 

-0.149 

0.140 

Width  of  maxillary  toothrow 

0.359 

0.124 

—0. 19 1 

Length  of  mandibular  toothrow 

0.248 

-0.206 

0.359 

Width  of  upper  first  molar 

0.342 

-0.077 

-0.150 

Length  of  lower  first  molar 

0.304 

0.084 

-0.239 

Width  of  lower  first  molar 

0.259 

-0.155 

-0.426 

Width  of  upper  fourth  premolar 

0.325 

0.088 

-0.083 

Length  of  lower  fourth  premolar 

0.236 

-0.202 

0.332 

Width  of  lower  fourth  premolar 

0.233 

-0.385 

-0.011 

inhabited  by  populations 

of  P.  f  flavescens  in  southwestern  Kansas  is 

sandsage  prairie.  The  former  is 

relatively  mesic  and  is  characterized  by 

tall  grasses  ( Andropogon  and  Calamovilfa),  whereas  the 

latter  is  much 

more  xeric  and  is  dominated 

by  sand 

sagebrush  ( Artemesia ).  This 

distinction  may  be  responsible  for  the  difference  in  pelage  coloration  of 

the  two  subspecies. 

Table  4.  Dorsal  pelage  coloration  in 

representative 

samples  of  the 

four  subspecies  of 

Perognathus  flavescens  on  the  Great 

Plains.  Numbers  are  average  percentages  of  dorsal 

hair  lengths  that  are  gray,  ochraceous-buff,  or  black 

in  samples  from  the  states  listed. 

Color 

Gray 

Ochraceous-Buff 

Black 

P.  f.  cockrumi 

Kansas 

50 

34 

16 

P.  f.  copei 

New  Mexico 

37 

57 

6 

P.  f.  flavescens 

South  Dakota 

56 

42 

2 

Nebraska 

58 

38 

4 

Colorado 

52 

44 

4 

Kansas 

52 

38 

10 

P  f  perniger 

Minnesota 

68 

9 

23 

Iowa 

55 

28 

15 
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We  hypothesize  that  the  differences  in  pelage  coloration  are  associated 
with  these  ecological  differences  and  that  few,  if  any,  genetic  differences 
exist  between  P.  f  cockrumi  and  populations  of  P.  f.  flavescens  in 
southwestern  Kansas.  One  way  to  test  this  hypothesis  would  be  to 
analyze  genic  patterns  of  variation  by  protein  electrophoresis.  If  data 
support  the  hypothesis,  it  may  be  necessary  to  disregard  differences  in 
pelage  coloration  and  reassign  populations  of  P.  f  flavescens  in 
southwestern  Kansas  and  adjacent  states  to  the  subspecies  P.  f  cockrumi. 
Lacking  evidence  for  intergradation  of  color  in  the  present  study,  we 
defer  proposing  a  taxonomic  change. 

Specimens  Examined 

Colorado.  Adams  Cor.  Barr,  5100  ft.,  I  (UCM);  Barr  Lake  State  Park,  T  1  S,  R  66 
W,  SE  1/4  sec.  27,  3  (MHP);  5  mi.  NE  Fitzsimmons,  1  (DMNHC);  3  mi.  NE  Fitzsimmons, 

1  (DMNHC).  Alamosa  Co.:  1.4  mi.  N,  9.6  mi.  E  Mosca,  2  (MSB);  1  mi.  N,  11  mi.  E 
Mosca,  1  (MSB).  Arapahoe  Co.:  15  mi.  E  Denver,  2  (DMNHC).  Baca  Co.:  4.5  mi.  S  Vilas, 
T  31  S,  R  45  W,  sec.  25,  1  (MHP).  Boulder  Co.:  no  specific  locality,  1  (USNM).  Cheyenne 
Co.:  1  mi.  N,  8  mi.  E  Kit  Carson,  1  (KU).  El  Paso  Co.:  6  mi.  E  Colorado  Springs,  6300 
ft.,  1  (UMMZ).  Larimer  Co.:  Boxelder  Canyon,  T  12  N,  R  70  W,  sec.  2,  1  (UMMZ); 
Linden  Meier,  1  (USNM).  Logan  Co.:  1.75  mi.  S,  5.75  mi.  E  Crook,  3940  ft.,  T  10  N,  R 
48  W,  sec.  22,  11  (DMNHC);  2.5  mi.  S,  12  mi.  W  Peetz,  1  (KU);  Sterling,  3  (USNM). 
Montezuma  Co.:  Mesa  Verde  National  Park,  7525  ft.,  Morfield  Mesa,  2  (KU).  Pueblo  Co.: 
Pueblo,  2  (USNM).  Washington  Co.:  8  mi.  W  Akron,  6  (UMMZ);  Akron,  3  (UMMZ); 
EXP  Range,  2  (KU);  10  mi.  S,  7  mi.  E  Otis,  1  (KU);  no  specific  locality,  3  (UMMZ).  Weld 
Co.:  Greeley,  2  (USNM);  9  mi.  N  Roggen,  Lost  Lake,  2  (DMNHC).  Yuma  Co.:  Bonny 
Reservoir,  T  5  S,  R  43  W,  sec.  14,  2  (MHP);  Bonny  Reservoir,  T  5  S,  R  43  W,  sec.  21, 
14  (MHP).  County  unknown:  Tuttle,  1  (USNM). 

Iowa.  Greene  Co.:  Cooper,  1  (USNM).  Harrison  Co.:  Gleason-Hubel  Wildlife  Area,  1 
(CUI).  Monona  Co.:  3  mi.  S,  5.5  mi.  E  Blencoe,  Little  Sioux  Scout  Ranch,  1  (CUI);  2  mi. 
N,  3  mi.  W  Castana,  Loess  Hills  Wildlife  Area,  3  (CUI). 

Kansas.  Barber  Co.:  4  mi.  N,  1.5  mi.  E  Sharon,  1  (KU);  3.5  mi.  N  Sharon,  1  (KU); 
Sharon,  4  (KU).  Barton  Co.:  8  mi.  N  Ellinwood,  2  (KU);  1  mi.  S,  0.5  mi.  E  Ellinwood, 
T  20  S,  R  11  W,  SE  1/4  sec.  6,  1  (MHP).  Cheyenne  Co.:  14  mi.  N  St.  Francis,  T  1  S, 
R  42  W,  NW  1/4  sec.  10,  2  (MHP);  1  mi.  N  St.  Francis,  6  (KU);  1  mi.  W  St.  Francis, 

2  (KU);  3  mi.  S,  4.7  mi.  E  St.  Francis,  I  (KU).  Clark  Co.:  Cimmaron  River,  Sand  Creek, 
1  (USNM).  Ellis  Co.:  T  11  S,  R  18  W,  SE  1/4  sec.  28,  1  (MHP).  Ellsworth  Co.:  1.5  mi. 

5  Wilson,  1  (KU).  Finney  Co.:  4  mi.  S,  1  mi.  W  Garden  City,  2  (KU);  1  mi.  S,  2  mi.  E 

Holcomb,  T  24  S,  R  33  W,  NE  1/4  sec.  17,  1  (MHP);  2  mi.  S,  0.5  mi.  E  Holcomb,  T 

24  S,  R  33  W,  NE  1/4  sec.  19,  1  (MHP);  2  mi.  S,  2  mi.  E  Holcomb,  T  24  S,  R  33  W, 
NE  1/4  sec.  20,  1  (MHP);  3  mi.  S,  1.5  mi.  E  Holcomb,  T  24  S,  R  33  W,  sec.  29,  1  (MHP); 

3.5  mi.  S,  1  mi.  E  Holcomb,  T  24  S,  R  33  W,  sec.  29,  1  (MHP);  7.5  mi.  S,  1  mi.  W 

Holcomb,  T  26  S,  R  34  W,  W  1/2  sec.  13,  2  (MHP);  11  mi.  S,  3  mi.  W  Holcomb,  T  26 

S,  R  34  W,  sec.  4,  5  (MHP);  II  mi.  S,  3  mi.  W  Holcomb,  T  26  S,  R  34  W,  S  1/2  sec. 

4,  4  (MHP);  11.5  mi.  S,  4  mi.  W  Holcomb,  T  26  S,  R  34  W,  N  1/2  sec.  5,  15  (MHP); 

11.5  mi.  S,  3.5  mi.  W  Holcomb,  T  26  S,  R  34  W,  NW  1/4  sec.  4,  1  (MHP);  11.5  mi.  S, 

3.5  mi.  W  Holcomb,  T  26  S,  R  34  W,  N  1/2  sec.  5,  3  (MHP);  11.5  mi.  S,  3.5  mi.  W 
Holcomb,  T  26  S,  R  34  W,  W  1/2  sec.  4,  2  (MHP);  11.5  mi.  S,  3  mi.  W  Holcomb,  T 
26  S,  R  34  W,  NW  1/4  sec.  4,  1  (MHP);  11.5  mi.  S,  3  mi.  W  Holcomb,  center  sec.  4, 

6  (MHP);  12  mi.  S,  3.75  mi.  W  Holcomb,  T  26  S,  R  34  W,  N  1/2  sec.  8,  8  (MHP);  12.5 
mi.  S,  3.5  mi.  W  Holcomb,  T  26  S,  R  34  W,  center  sec.  9,  3  (MHP).  Hamilton  Co.:  1 
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mi.  E  Coolidge,  2  (KU).  Harvey  Co.:  2.75  mi.  N,  16.5  mi.  W  Newton,  1  (KU);  2.5  mi.  N, 
13.5  mi.  W  Newton,  6  (KU);  1.25  mi.  N,  13.25  mi.  W  Newton,  2  (KU).  Logan  Co.:  4  mi. 
S,  3  mi.  W  Elkader,  1  (MHP).  Morton  Co.:  9  mi.  N,  3  mi.  E  Elkhart,  Wood  Walsch  Ranch, 

1  (KU);  7  mi.  N,  0.5  mi.  W  Elkhart,  T  34  S,  R  42  W,  sec.  8,  2  (MHP);  7  mi.  N,  0.5  mi. 
W  Elkhart,  T  34  S,  R  42  W,  sec.  8,  6  (MHP);  7  mi.  N  Elkhart,  4  (MHP).  Pratt  Co.:  Cairo, 
3  (USNM).  Seward  Co.:  3  mi.  NE  Liberal,  1  (KU);  no  specific  locality,  1  (KU). 

Minnesota.  Anoka  Co.:  5  mi.  E  Anoka,  2  (UMMZ);  Bunker  Prairie,  1  (MMNH);  20 
mi.  N  St.  Paul,  Ramsey  Co.,  1  (MMNH).  Lac  Qui  Parle  Co.:  Manfred  Township,  Sec.  6, 

2  (MMNH);  Mehurin  Township,  Sec.  29,  1  (MMNH).  Lincoln  Co.:  Drammon  Township, 
Sec.  36,  1  (MMNH).  Polk  Co.:  3  mi.  S  Fertile,  1  (MMNH).  Sherburne  Co.:  Elk  River, 
45  (9  KU,  4  MMNH,  4  UCM,  4  UMMZ,  24  USNM);  6  mi.  E  St.  Cloud,  8  (MMNH); 
5  mi.  SE  St.  Cloud,  1  (UMMZ);  6  mi.  SE  St.  Cloud,  9  (UMMZ);  Sand  Dune  State  Park, 
2  (MMNH).  Watowon  Co.:  1.5  mi.  N  Butterfield,  1  (MMNH). 

Nebraska.  Antelope  Co.:  Clearwater,  1  (UMMZ);  Neligh,  16  (USNM);  1  mi.  SW  Neligh, 

1  (KU);  0.5  mi.  S,  3  mi.  W  Oakdale,  1900  ft.,  T  24  N,  R  36  W,  NW  1/4  sec.  16,  1  (KU); 
0.5  mi.  S,  3  mi.  W  Oakdale,  2  (UMMZ).  Arthur  Co.:  Arapahoe  Prairie,  4  (UNSM).  Banner 
Co.:  7.5  mi.  N,  1  mi.  E  Harrisberg,  1  (KU).  Buffalo  Co.:  1  mi.  E  Ravenna,  6  (UMMZ). 
Cherry  Co.:  10  mi.  S  Cody,  Niobrara  River,  1  (UNSM);  Gimlet  Lake,  1  (BS/FC);  18  mi. 
NW  Kennedy,  4  (USNM);  2  mi.  W  Kennedy,  2  (KU);  Kennedy,  7  (6  USNM,  1  UMMZ); 

2  mi.  E  Kennedy,  5  (KU);  1 1  mi.  S,  2  mi.  W  Nezel,  1  (KU);  Seamans  Lake,  1  (UNSM); 
27  mi.  S  Woodlake,  T  27  N,  R  35  W,  N  1/2,  S  1/2  sec.  15,  5  (MHP);  Valentine  National 
Wildlife  Refuge,  Hackberry  Lake,  21  (1  BS/FC,  2  KU,  18  UMMZ);  Valentine  National 
Wildlife  Refuge,  Hackberry  and  Dewey  Lake,  2  (KU);  Valentine  National  Wildlife  Refuge, 
Rice  Lake,  15  (TTU);  4  mi.  E  Valentine,  1  (KU);  no  specific  locality,  9  (UNSM).  Cumming 
Co.:  Beemer,  3  (USNM).  Custer  Co.:  7  mi.  NW  Anselmo,  6  (UMMZ);  4  mi.  NW  Gaven, 

2  (UMMZ);  1  mi.  NW  Gaven,  9  (UMMZ);  near  Myrtle,  1  (USNM).  Dawes  Co.:  1  mi.  SW 

Chadron,  1  (USNM).  Dundy  Co.:  1  mi.  S  Parks,  1  (KU).  Holt  Co.:  Ewing,  1  (USNM). 
Hooker  Co.:  Kelso,  5  (UMMZ).  Garden  Co.:  10  mi.  S  Antioch,  Sheridan  Co.,  1  (UMMZ); 
Crescent  Lake  National  Wildlife  Headquarters,  T  21  N,  R  44  W,  sec.  29,  3  (UNSM);  0.75 
mi.  E  Crescent  Lake  National  Wildlife  Headquarters,  T  21  N,  R  44  W,  sec.  29,  3  (UNSM); 
0.75  mi.  E  Crescent  Lake  National  Wildlife  Headquarters,  T  21  N,  R  44  W,  sec.  28,  1 
(UNSM);  3  mi.  SE  Crescent  Lake  National  Wildlife  Headquarters,  4  (UNSM);  5  mi.  S 
Crescent  Lake  National  Wildlife  Headquarters,  1  (UNSM);  2  mi.  S  Oshkosh,  1  (KU); 
Windlass,  2  (KU);  no  specific  locality,  1  (KU).  Kearney  Co.:  3.75  mi.  S  Kearney,  6  (KU); 
5  mi.  S  Kearney,  24  (TTU).  Knox  Co.:  1  mi.  SE  Niobrara,  3  (KU);  Verdigris,  2  (UNSM). 
Lincoln  Co.:  1  mi.  S,  1.5  mi.  E.  Brady,  T  12  N,  R  27  W,  S  1/2  sec.  14,  3  (MHP);  6  mi. 
NE  Dickens,  3  (UMMZ);  8  mi.  N,  4  mi.  W  Hersey,  1  (KU);  no  specific  locality,  1  (USNM). 
Scotts  Bluff  Co.:  8  mi.  NNW  Scotts  Bluff,  2  (KU).  Sheridan  Co.:  16  mi.  NE  Alliance,  Box 
Butte  Co.,  7  (UMMZ);  8  mi.  N  Antioch,  1  (UMMZ);  4  mi.  N  Antioch,  2  (UMMZ);  11 
mi.  S  Gordon,  2  (KU);  Lakeside,  1  (USNM).  Stanton  Co.:  1.5  mi.  S  Pilger,  2  (KU). 
Thomas  Co.:  10  mi.  W  Halsey,  2  (UMMZ);  4  mi.  W  Halsey,  1  (KU);  1  mi.  W  Halsey, 

3  (KU);  Halsey,  Bessey  Nursery,  1  (USNM);  Halsey,  Nebraska  National  Forest,  1  (TTU); 

I  mi.  S,  3.5  mi.  W  Halsey,  1  (KU);  5.5  mi.  SSW  Halsey,  Nebraska  National  Forest,  1 1 
(TTU);  Nebraska  National  Forest,  Bessey  Division,  15  (TTU);  no  specific  locality,  5 
(USNM). 

New  Mexico.  Bernalillo  Co.:  15  mi.  W  Albuquerque,  16  (TTU);  6  mi.  W  Albuquerque, 
I  (KU).  Chavez  Co.:  10  mi.  N  Caprock,  2  (TTU);  8  mi.  N  Caprock,  2  (TTU);  3  mi.  N, 

9  mi.  W  Caprock,  7  (MSB).  Eddy  Co.:  1  mi.  N,  26.5  mi.  E  Carlsbad,  2  (ENMU);  0.5  mi. 

N,  28.5  mi.  E  Carlsbad,  T  22  S,  R  31  E,  NW  1/4  sec.  1,  2  (ENMU);  27  mi.  E  Carlsbad, 
!9  (ENMU);  28  mi.  E  Carlsbad,  boundary  of  Lea  and  Eddy  Counties,  1  (ENMU);  2  mi. 
S,  12  mi.  E  Carlsbad,  T  23  S,  R  29  E,  NW  1/4  sec.  5,  1  (ENMU);  2.5  mi.  S,  25.5  mi. 
E  Carlsbad,  T  22  S,  R  31  E,  NW  1/4  sec.  21,  1  (ENMU);  3  mi.  S,  25  mi.  E  Carlsbad, 
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1  (ENMU);  4.5  mi.  S,  23.5  mi.  E  Carlsbad,  T  22  S,  R  31  E,  NW  1/4  sec.  31,  2  (ENMU); 
3  mi.  N,  3.5  mi  E  Loring,  1  (ENMU).  Lea  Co.:  29  mi.  E  Carlsbad,  Eddy  Co.,  1  (EMNU); 

2  mi.  S,  30  mi.  E  Carlsbad,  Eddy  Co.,  1  (ENMU);  2  mi.  S,  31  mi.  E  Carlsbad,  Eddy  Co., 

1  (ENMU);  3  mi.  S,  29  mi.  E  Carlsbad,  Eddy  Co.,  2  (ENMU);  Hobbs,  1  (TTU);  7  mi. 
N,  15  mi.  W  Jal,  2  (MSB).  Quay  Co.:  2  mi.  S,  0.5  mi.  E  Logan,  I  (MSB).  Roosevelt  Co.: 
3.25  mi.  N,  1  mi.  E  Portales,  2  (ENMU);  3.3  mi.  S  Tolar,  2  (MSB).  San  Juan  Co.:  14  mi. 
S,  6  mi.  E  Shiprock,  1  (MHP).  Union  Co.:  4  mi.  S  Clayton,  Penio  Creek,  3  (MSB). 

North  Dakota.  Emmons  Co.:  2  mi.  N,  18  mi.  W  Westfield,  1  (UMMZ).  Kidder  Co.: 
6  mi.  S  Dawson,  1  (USNM).  Mills  Co.:  Spring  Lake  Recreation  Area,  1  (TTU).  Richland 
Co.:  6  mi.  S,  7  mi.  W  Fairmont,  1  (UMMZ);  Hankinson,  8  (USNM);  Lidgerwood,  7 
(USNM).  County  unknown  (probably  Richland  Co.):  Blackmer,  2  (USNM). 

Oklahoma.  Dewey  Co.:  0.5  mi.  S,  6  mi.  W  Canton,  1  (KU).  Harper  Co.:  3  mi.  N  Fort 
Supply,  Woodward  Co.,  3  (USNM).  Woods  Co.:  Waynoka,  10  (UMMZ).  Woodward  Co.: 

2  mi.  S,  4  mi.  W  Woodward,  1  (USNM);  2  mi.  S,  1  mi.  W,  Woodward,  1  (USNM). 

South  Dakota.  Bennett  Co.:  7  mi.  S  Martin,  3100  ft.,  1  (KU);  7  mi.  S,  4  mi.  E  Martin, 
T  36  N,  R  37  W,  E  1/2  sec.  27,  6  (MHP);  8  mi.  S,  1.5  mi.  E  Martin,  T  36  N,  R  37  W, 
sec.  29,  1  (MHP);  9  mi.  S  Martin,  3300  ft.,  6  (KU);  10  mi.  S  Martin,  3300  ft.,  10  (KU). 
Bon  Homme  Co.:  0.3  mi.  N,  0.3  mi.  E  Springfield,  2  (MSB).  Brown  Co.:  Houghton,  1 
(MMNH).  Clay  Co.:  3.5  mi.  N,  0.5  mi.  E  Meckling,  1  (MSB);  1.5  mi.  N  Vermillion,  3 
(MSB);  1  mi.  W  Vermillion,  1  (MSB);  Vermillion,  2  (USNM).  Potter  Co.:  Whitlocks 
Crossing,  9  (KU).  Todd  Co.:  Rosebud  Agency,  2  (USNM).  Tripp  Co.:  Dog  Ear  Lake,  14 
(UMMZ).  County  unknown:  Traverse,  1  (USNM). 

Texas.  Andrews  Co.:  14  mi.  S  Andrews,  Sam  Arnet  Ranch,  6  (UMMZ).  Bailey  Co.:  19 
mi.  SW  Muleshoe,  A.  A.  Kuehn  Ranch,  2  (UMMZ).  El  Paso  Co.:  19.4  mi.  E  El  Paso, 
1  (MSB).  Hemphill  Co.:  5  mi.  NE  Canadian,  Gene  Howe  Wildlife  Refuge,  1  (TCWC); 
Canadian,  Gene  Howe  Wildlife  Refuge,  4  (TTU).  Lamb  Co.:  near  Fieldton,  8  (TTU). 
Loving  Co.:  11  mi.  E  Mentone,  1  (MSB).  Lubbock  Co.:  0.5  mi.  NW  Lubbock,  1  (TTU). 
Ward  Co.:  2.4  mi.  S  Pyote,  1  (TTU);  4.7  mi.  W  Wickett,  1  (TTU).  Winkler  Co.:  6.5  mi. 
E  Kermit,  7  (TTU);  7.4  mi.  E  Kermit,  3  (USNM);  8.4  mi.  E  Kermit,  2  (USNM);  11.9  mi. 
E  Kermit,  1  (USNM);  6  mi.  SE  Kermit,  8  (TTU);  6  mi.  S,  1  mi.  E  Kermit,  1  (TTU);  6 
mi.  S,  2  mi.  E  Kermit,  1  (TTU);  8  mi.  SSE  Kermit,  2  (TTU);  20  mi.  N  Monahans,  Ward 
Co.,  2  (USNM);  2.2  mi.  N  Texas  Tech  Research  Station,  1  (TTU);  3  mi.  NNW  Wink,  1 
(TTU);  1  mi.  NW  Wink,  1  (TTU). 

Wyoming.  Goshen  Co.:  2  mi.  N,  4.5  mi.  W  La  Grange,  1  (USNM). 

Mexico.  Chihuahua:  2.5  mi.  S,  2  mi.  W  Samalayuca,  1300  m.,  1  (KU);  10  mi.  SE 
Zaragosa,  3700  ft.,  1  (KU). 
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FRESHWATER  BIVALVES  OF  LAKE  TAWAKONI, 
SABINE  RIVER,  TEXAS 


Raymond  W.  Neck 

Texas  Parks  and  Wildlife  Department,  4200  Smith  School  Road,  Austin,  Texas  78744 

Abstract. — Lake  Tawakoni,  a  reservoir  on  the  upper  mainstem  of  the  Sabine  River, 
Texas,  supports  a  bivalve  fauna  of  12  species  (10  mussels,  one  fingernail  clam,  and  the 
Asiatic  clam).  Species  present  tend  to  be  tolerant  of  slow-moving,  turbid  waters.  Species 
native  to  the  Sabine  River  but  absent  from  Lake  Tawakoni  include  most  of  a  suite  of  taxa 
characteristic  of  rivers  of  the  southeastern  United  States,  including  eastern  Texas.  Key 
words:  freshwater  bivalves;  Lake  Tawakoni,  Texas. 

Most  of  eastern  Texas  is  characterized  by  slow-moving  streams  with 
normally  dependable  volumes  of  water.  The  bivalve  fauna  of  this  area 
differs  significantly  in  species  composition  from  that  of  central  Texas 
(Strecker  1831,  Neck  1982b).  The  natural  bivalve  fauna  of  eastern  Texas 
long  has  been  impacted  by  water  pollution  (Shira,  1913).  More  recently, 
a  series  of  reservoirs  has  been  constructed  in  eastern  Texas,  but  the 
effects  of  these  impoundments  on  the  bivalve  fauna  are  totally  unknown. 
Indeed,  little  work  has  been  reported  (Parks  1938,  Parks  and  Batchel, 
1939)  concerning  mussels  in  the  eastern  part  of  the  state  since  Strecker’s 
(1931)  work.  Surveys  of  bivalves  of  the  reservoirs  of  eastern  Texas  are 
needed  to  elucidate  the  effect  of  these  impoundments  on  this  fauna. 

The  main  purpose  of  this  survey  was  to  record  the  bivalve  fauna  of 
Lake  Tawakoni,  a  reservoir  on  the  upper  mainstem  of  the  Sabine  River, 
in  eastern  Texas.  Preferred  habitats  of  the  species  present  also  were 
characterized  in  order  to  initiate  an  understanding  of  the  processes  that 
determine  which  species  can  survive  and  reproduce  in  reservoir  habitats. 

Study  Area 

The  Sabine  River  arises  in  the  eastern  part  of  north-central  Texas  (Hunt,  Collin,  and 
Rockwall  counties)  and  flows  southeastward  to  Sabine  Lake,  an  estuary  of  the  Gulf  of 
Mexico  that  also  receives  the  waters  of  the  Neches  River  (Fig.  1).  Total  drainage  area  of 
the  Sabine  River  is  about  25,100  square  kilometers  (9690  square  miles).  Presently,  two 
impoundments,  Toledo  Bend  Reservoir  and  Lake  Tawakoni,  exist  on  the  main  stem  of  the 
Sabine  River,  but  there  are  no  published  reports  on  the  bivalve  fauna  of  either. 

Lake  Tawakoni  is  located  in  Hunt,  Rains,  and  Van  Zandt  counties  behind  the  Iron 
Bridge  Dam,  which  is  situated  at  river  kilometer  822  (mile  514).  Impoundment  of  water 
began  on  7  October  1960.  At  spillway  crest,  Lake  Tawakoni  covers  about  14,900  hectares 
(36,700  acres)  and  impounds  about  115,530  hectare  meters  (936,200  acre  feet  of  water). 
Drainage  area  above  Iron  Bridge  Dam  is  approximately  1960  square  kilometers  (756  square 
miles).  The  above  information  was  taken  from  Dowell  and  Breeding  (1967). 
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Figure  1.  Map  of  Sabine  River  drainage,  Texas  and  Louisiana,  showing  location  of  Lake 

Tawakoni  in  the  eastern  part  of  north-central  Texas. 

Materials  and  Results 

Field  surveys  were  made  in  early  October  1984  during  a  short-term 
period  of  low  water.  At  open  reservoir  sites,  all  bivalves  in  a  transect 
measuring  50  meters  by  five  meters  were  recorded;  normally  inundated 
creek  bottoms  were  sampled  for  a  distance  of  30  meters.  A  total  of  1469 
bivalves  consisting  of  10  mussels,  one  fingernail  clam,  and  the  Asiatic 
clam  (Table  1)  was  identified  from  28  collection  sites  (Fig.  2)  on  Lake 
Tawakoni.  Voucher  specimens  have  been  deposited  in  the  Dallas  Museum 
of  Natural  History. 

Anodonta  grandis  Say,  1829,  was  present  at  more  sites  (22)  than  any 
other  species  and  was  the  second  most  abundant  bivalve  in  Lake 
Tawakoni.  The  largest  shell  recovered  was  132.5  mm  in  length.  Shells 
tend  to  be  low  in  height  and  short  in  length,  with  pinkish  or  rose-beige 
highlights  to  the  nacre.  Greenish  rays  on  the  posterior  slope  are  more 


BIVALVES  OF  LAKE  TAWAKONI,  TEXAS 


243 


prominent  than  on  most  shells  of  A.  grandis  from  Texas.  Hints  of  fine 
greenish  rays  are  present  on  the  main  portion  of  the  shell.  Specimens 
from  a  stock  tank  (locality  5)  have  a  more  prominent  umbo  than  those 
from  the  reservoir,  and  exhibit  a  flexure  of  the  hinge  line  below  the 
umbo.  In  sloughs  (locality  7),  young  shells  were  found  in  small  side 
drainages  but  not  in  the  mainstem  of  the  slough.  A.  grandis  is  generally 
found  in  ponds,  reservoirs,  or  slow-moving  streams  (lentic  waters)  on 
sandy  or  mud  substrates. 

Anodonta  imbecilis  Say,  1829,  was  uncommon  in  Lake  Tawakoni, 
ranking  sixth  in  abundance.  Shells  are  horn  brown  with  greenish  brown 
rays  of  increasing  obscurity  as  they  approach  the  periphery.  A.  imbecilis 
normally  is  found  in  ponds  or  protected  coves  of  reservoirs  on  soft 
bottoms. 

Plectomerus  dombeyanus  (Valenciennes,  1827),  was  represented  in 
recovered  samples  by  a  single  pair  of  valves  (from  locality  8)  representing 
an  individual  that  may  have  been  dead  for  two  or  more  years.  The  adult 
shell  (105.1  mm  length)  still  possessed  dark  grayish-brown  periostracum. 
P  dombeyanus  is  most  abundant  in  slow-moving,  but  generally  large, 
streams  with  sandy  substrates. 

Quadrula  quadrula  apiculata  (Say,  1829),  was  the  most  abundant 
bivalve  in  Lake  Tawakoni,  although  two  species  were  found  at  more 
localities.  Pustules  are  abundant  over  all  portions  of  young  shells,  but  age 
reduces  pustule  formation  such  that  only  nodular-shaped  bumps  are 
produced  in  later-formed  shell.  The  largest  specimen  recovered  measured 
91.2  mm  in  shell  length.  Q.  q.  apiculata  is  most  commonly  encountered 
in  slow-moving  waters  on  sandy,  mud,  or  hard  clay  substrates. 

Uniomerus  tetralasmus  (Say,  1830),  was  uncommon  in  Lake  Tawakoni 
but  may  be  locally  abundant  in  the  sluggish  waters  of  normally  inundated 
(but  occasionally  dry)  feeder  creeks;  dense  populations  develop  in  stock 
tanks.  The  periostracum  is  dark  yellowish  horn  to  honey  brown;  young 
specimens  have  green  rays  on  the  posterior  slope,  but  these  rays  become 
almost  nonexistent  on  older  shells.  A  ventro-posterior  projection  is 
present  but  is  not  as  exaggerated  as  in  Uniomerus  declivus.  One  large 
specimen  (133.3  mm  shell  length)  from  a  stock  tank  (locality  5)  has  a 
prominent  ventro-posterior  projection  (shell  outline  similar  to  that  of 
Tritogonia  verrucosa ),  but  the  periostracum  is  still  mostly  smooth  (rather 
than  flaggy  as  in  U.  declivus).  U.  tetralasmus  is  found  in  ponds  or 
sluggish  creeks  with  mud  bottoms;  it  is  characteristic  of  temporary  ponds 
and  streams. 

Leptodea  fragilis  (Rafinesque,  1820),  was  the  fifth  most  abundant 
bivalve  in  Lake  Tawakoni.  The  periostracum  is  brownish  yellow  with 
dark  brown  rays  on  the  posterior  slope.  The  nacre  is  pale  pinkish  purple 
with  less  pigment  in  the  muscle  scars.  Shells  are  more  inflated  than  those 
of  this  species  from  central  Texas.  Anterior  wings  are  slightly  developed 
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Figure  2.  Map  of  Lake  Tawakoni,  Sabine  River,  Texas,  showing  location  of  collecting  sites 
(numbered  1-28). 


in  some  specimens.  L.  fragilis  is  characteristic  of  mud,  sand,  or  gravel 
substrates  with  slowly  moving  water  or  clear  water. 

Ligumia  subrostrata  (Say,  1831),  was  the  third  most  abundant  species 
of  bivalve  in  Lake  Tawakoni,  although  it  was  found  at  more  sites  than 
all  species  but  A.  grandis.  Dark  greenish  rays  are  present  over  the  entire 
shell,  although  they  are  generally  more  prominent  (darker  and  wider) 
between  the  umbo  and  the  posterior  margin;  older  shells  become  suffused 
with  brownish  black,  which  almost  totally  obscures  these  rays.  The  nacre 
of  younger  shells  is  suffused  with  mauve,  especially  along  the  periphery 
of  the  shell.  Eventually  the  nacre  becomes  a  dull  white  with  limited 
mauve  highlights.  The  largest  specimen  measured  102.7  mm  in  shell 
length.  L.  subrostrata  normally  is  found  in  ponds  or  stream  pools  of 
sluggish  streams,  but  is  generally  not  found  in  places  that  are  periodically 
dry. 
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Table  1.  Numbers  and  site  abundance  of  freshwater  bivalves  taken  at  Lake  Tawakoni, 
Sabine  River,  Texas  (28  collecting  sites  yielded  1469  individuals). 


Species 

Individuals 

Collecting  sites 

Number 

Ranking 

Number 

Ranking 

Anodonta  grandis 

346 

2 

22 

1 

Anodonta  imbecilis 

46 

6 

11 

6 

Plectomerus  dombeyanus 

1 

11* 

1 

11* 

Quadrula  quadrula  apiculata 

561 

1 

17 

3 

Uniomerus  tetralasmus 

22 

7 

5 

7* 

Leptodea  fragilis 

85 

5 

12 

4* 

Ligumia  subrostrata 

286 

3 

21 

2 

Potamilus  amphichaenus 

5 

10 

3 

9 

Potamilus  purpuratus 

1 

11* 

1 

11* 

Toxolasma  texasensis 

7 

9 

5 

7* 

Corbicula  fluminea 

95 

4 

12 

4* 

Sphaerium  partumeium 

14 

8 

2 

10 

*Tie. 


Potamilus  amphichaenus  (Frierson,  1898),  is  represented  by  five 
specimens  from  three  localities.  This  species  apparently  has  long  been 
confused  with  Potamilus  laevissimus  but  differs  in  the  following 
characters:  1)  presence  of  an  incipient  pallial  sinus  posteriorly;  2) 
noticeable  inter-valve  gap  that  is  truncated  dorsaliy;  3)  ventral  margin 
more  flattened;  4)  periostracum  dark  brown;  and  5)  shells  less 
compressed  laterally.  The  largest  specimen  measured  124.2  mm  in  shell 
length.  P  amphichaenus  is  found  in  quiescent  waters  with  sandy  or  mud 
substrates. 

Potamilus  purpuratus  (Lamarck,  1819),  was  represented  in  the  samples 
by  a  single,  large,  obese  specimen  with  a  heavy  shell  (from  locality  14). 
Nacre  is  paler  purple  than  in  most  Texas  specimens  I  have  observed. 
Shell  length  of  the  specimen  measured  147.4  mm.  It  was  found  in  the 
only  protected  cove  in  Caddo  Inlet  (locality  14).  P  purpuratus  is  found 
in  quiet  or  moving  waters  with  sandy  or  mud  substrates. 

Toxolasma  texasensis  (Lea,  1857),  was  found  to  be  uncommon  in  Lake 
Tawakoni.  The  periostracum  is  silky  brown,  and  the  nacre  is  a  dull 
iridescent  white  with  limited  ochre  highlights.  A  gradual  sloping  of  the 
posterior  ridge  to  the  shell  margin  is  a  major  character  separating  T. 
texasensis  from  Toxolasma  parvus.  T.  texasensis  in  Lake  Tawakoni  is 
most  abundant  in  inundated  feeder  creeks.  In  Texas,  this  species  is 
typically  found  in  protected  or  ponded  waters  with  mud  or  sandy 
substrates. 

Corbicula  fluminea  (Muller,  1774),  was  the  fourth  most  abundant 
bivalve  in  Lake  Tawakoni.  Most  specimens  were  of  moderate  size;  the 
largest  specimenn  measured  37.9  mm  in  shell  length.  All  specimens  are 
referable  to  the  white  form  of  the  species.  C.  fluminea  is  common  in 
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areas  with  a  sandy  substrate;  few  occur  in  areas  of  clay.  Shores  may 
accumulate  large  windrows  of  unarticulated  shells.  A  few  errant  valves 
were  found  in  the  mouths  of  sloughs,  but  significant  population 
recruitment  is  unlikely  in  this  habitat.  C.  fluminea  is  most  abundant  in 
sandy  substrates  with  moving  water. 

Sphaerium  partumeium  (Say,  1822),  was  the  only  fingernail  clam 
recovered  during  this  survey  of  Lake  Tawakoni.  It  was  found  only  in 
feeder  creeks,  which  normally  are  inundated.  Shells  were  abundant  in 
mud  within  gaping  valve  pairs  of  Uniomerus  tetralasmus.  Living  animals 
were  found  in  water  less  than  two  centimeters  deep.  S.  partumeium 
usually  is  found  in  sandy  or  mud  substrates  of  ponds  and  sluggish 
streams. 


Discussion 

The  bivalves  of  Lake  Tawakoni  illustrate  the  reaction  of  an  eastern 
Texas  bivalve  fauna  (which  is  adapted  to  sandy  substrates)  to  reservoir 
conditions  with  clay  and  marl  substrates.  Whereas  some  river  terrace 
areas  are  inundated  by  Lake  Tawakoni,  much  of  the  substrate  (including 
most  of  the  shallows  suitable  for  unionids)  is  composed  of  Tertiary 
deposits,  generally  clays  of  various  types. 

While  faunal  diversity  in  reservoir  conditions  is  expected  to  be  low,  the 
dominant  species  in  Lake  Tawakoni  were  not  those  anticipated  from  field 
surveys  of  other  Texas  reservoirs  (Neck,  unpublished  data).  Quadrula 
quadrula  apiculata  and  Anodonta  grandis  are  dominant  species  in  some 
Texas  reservoirs  (including  Lake  Tawakoni),  but  the  large  number  of 
Ligumia  subrostrata  is  surprising,  because  this  species  generally  occurs  in 
small  ponds,  sloughs,  and  pools  in  intermittent  creeks.  Also  noteworthy 
is  the  apparent  absence  of  Lampsilis  teres,  Lampsilis  radiata  hydiana,  and 
Truncilla  truncata ,  and  the  rarity  of  Anodonta  imbecilis,  Potamilus 
purpuratus ,  and  Plectomerus  dombeyanus  (these  last  two  were 
represented  only  by  a  single  specimen  each).  Conditions  for  successful 
population  recruitment  of  these  species  may  occur  only  seldomly.  P 
purpuratus  and  P  dombeyanus  may  be  susceptible  to  local  extirpation  in 
the  future. 

Absence  of  various  species  native  to  the  Sabine  River  (Strecker,  1931) 
is  noteworthy  (Table  2).  Species  such  as  Tritogonia  verrucosa 
(Rafinesque,  1820),  Fusconaia  askewi  (Marsh,  1896),  Fusconaia  chunii 
(Lea,  1861),  Megalonaias  gigantea  (Barnes,  1823),  Obliquaria  reflexa 
Rafinesque,  1820,  and  Obovaria  castanea  (Lea,  1831)  generally  are  found 
in  lotic  habitats  with  sand  or  gravel  substrates,  or  both.  Some  of  these 
species  may  not  have  occurred  as  far  upstream  in  the  Sabine  River  as 
the  present  location  of  Lake  Tawakoni. 

Of  particular  interest  is  the  apparent  absence  of  Amblema  plicata  (Say, 
1817)  from  Lake  Tawakoni.  This  species  is  quite  abundant  (often  the 
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Table  2.  Occurrence  of  unionid  species  in  Sabine  River  from  published  records  and  this 
study. 


Species 

Lake  Tawa¬ 
koni* 

Hunt** 

Smith** 

Gregg** 

Anodonta  grandis 

X 

X 

X 

Anodonta  imbecilis 

X 

X 

Arcidens  confragosus 

X 

Strophitus  undulatus 

*** 

Amblema  plicata 

X 

Megalonaias  gigantea 

X 

X 

Plectomerus  dombeyanus 

X 

X 

Quadrula  quadrula 

X 

X 

Ouadrula  pustulosa 

X 

Tritogonia  verrucosa 

X 

X 

Fusconaia  askewi 

X 

X 

Fusconaia  chunii 

X 

Pleurobema  ridelli 

*** 

Uniomerus  tetralasmus 

X 

X 

Lampsilis  radiata  hydiana 

X 

Lampsilis  satura 

*** 

Lampsilis  teres 

X 

X 

Leptodea  fragilis 

X 

X 

Ligumia  subrostrata 

X 

X 

Obliquaria  reflexa 

X 

X 

Ob ov aria  castanea 

X 

Potamilus  amphichaenus 

X 

X 

Potamilus  purpuratus 

X 

X 

X 

Toxolasma  texasensis 

X 

X 

Truncilla  donaciformis**** 

Truncilla  truncata 

X 

Villosa  lienosa 

X 

Glebula  suborbiculata**** 

Species  Total  (28) 

10 

5 

9 

19 

*  Records  from  this  survey. 

**County  records  for  Sabine  River  from  Strecker  (1931). 

*** Recorded  from  Shelby  County,  Texas  (downstream  from  Gregg  County)  by  Strecker 
(1931). 

****Sabine  River  records  without  definite  localities  from  Strecker  (1931). 

most  abundant  species)  in  certain  Texas  reservoirs — for  example,  Lake 
Lewisville  (Neck,  1982).  Note  should  be  made  that  Strecker  (1931)  did 
not  record  A.  plicata  from  the  upper  portion  of  the  Sabine  River, 
although  he  did  list  this  species  for  Gladewater,  Gregg  County,  Texas, 
which  is  about  100  kilometers  downstream  from  the  present  location  of 
Lake  Tawakoni. 

Various  habitats  and  geographical  subdivisions  of  Lake  Tawakoni 
exhibit  dominance  by  different  bivalve  species.  Anodonta  grandis  is  the 
most  abundant  species  in  shaded  sloughs  and  shallow  coves.  Open,  broad 
coves  protected  from  prevailing  winds  are  dominated  by  Ligumia 
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subrostrata,  whereas  similar  coves  exposed  to  wind  are  dominated  by 
Quadrula  quadrula  apiculata.  Q.  q.  apiculata  also  dominates  in  open, 
exposed  beach  areas.  Rock  riprap  habitats  at  road  crossings  are 
dominated  by  Corbicula  fluminea.  Stocktanks  (localities  2  and  5)  support 
populations  of  Anodonta  grandis,  Uniomerus  tetralasmus  (shells  heavily 
eroded),  and  Ligumia  subrostrata. 

Much  of  the  quiet  water  in  coves  of  Lake  Tawakoni  supports  large 
beds  of  the  emergent  macrophyte,  American  lotus  ( Nelumbo  lutea). 
Many  of  these  lotus  beds  do  not  support  clams.  However,  certain  lotus 
beds  that  are  exposed  to  wind-driven  waves  contain  individuals  of 
Anodonta  grandis,  Corbicula  fluminea ,  Ligumia  subrostrata ,  and 
Toxolasma  texasensis  (in  decreasing  order  of  abundance),  although 
densities  are  less  than  in  adjacent  areas  without  lotus  beds.  Species 
present  in  the  lotus  beds  (with  the  exception  of  C.  fluminea)  are  those 
that  occur  in  sloughs  and  protected  coves. 

The  lack  of,  or  relative  scarcity  of,  bivalves  in  lotus  beds  could  be  due 
to  avoidance  by  proper  fish  hosts  (not  applicable  for  C.  fluminea)  or 
presence  of  some  detrimental  environmental  factor  (less  than  optimal 
oxygen  or  food  levels,  for  example).  Frierson  (1917)  noted  the  lack  of 
unionids  in  lotus  ponds.  Bivalves  present  in  the  more  exposed  lotus  beds 
of  Lake  Tawakoni  have  broad  shells  and  low  specific  gravities,  which 
may  facilitate  movement  by  benthic  water  currents  (wind  driven).  The 
absence  from  these  lotus  beds  of  Quadrula  quadrula  apiculata  may  be 
significant  because  it  not  only  is  heavy  shelled  but  also  generally  has 
more  of  its  shell  below  the  sediment  level  than  the  species  that  are 
present. 

In  general,  fewer  bivalves  were  found  at  sites  along  the  eastern  edge 
of  Lake  Tawakoni  than  along  the  western  edge.  With  prevailing  winds 
from  the  southeast,  the  eastern  edge  experiences  less  significant  wave 
action  than  does  the  western  edge.  The  greater  abundance  of  bivalves  at 
sites  along  the  western  edge  may  be  due  to  concentration  of  them  by 
water  movement  or  may  indicate  more  favorable  conditions.  A  similar 
relationship  of  bivalve  densities  also  was  observed  in  individual  coves 
that  possessed  definite  leeward  and  windward  sides. 

Utilization  of  extant  bivalve  populations  by  humans  was  indicated  by 
large  piles  of  shells.  Conversations  with  local  fishermen  confirmed  their 
use  as  fish  bait.  Species  most  utilized  included  Q.  q.  apiculata,  A. 
grandis,  and  L.  subrostrata. 
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Abstract. — Cheekteeth  of  Dipodomys  are  held  in  place  by  connective  tissue  fibers  and 
fall  from  the  alveoli  on  decomposition.  Because  fossil  Dipodomys  thus  will  be  known 
mostly  from  isolated  teeth,  cheekteeth  of  five  species  were  studied  in  detail.  The  extinct 
Prodipodomys  differs  from  Dipodomys  in  having  brachydont  teeth  with  strong  roots  that 
lack  dentine  tracts.  The  same  characters  may  vary  specifically  in  Dipodomys  but  appear 
to  be  of  limited  utility.  The  cusps,  lophs,  and  valleys  exposed  at  the  tops  of  newly  erupted 
teeth  of  Dipodomys  form  the  enamel  cap  and  pattern.  Differences  in  enamel  cap  pattern 
of  LP4  are  of  little  value  in  differentiating  species  of  Dipodomys  and  those  of  the  molars 
are  of  limited  utility.  The  enamel  cap  pattern  of  UP4  is  swiftly  worn  away  after  exposure 
but  will  separate  some  species.  Dipodomys  elator  has  the  central  valley  extending 
completely  across  the  unworn  UP4  and  the  protoloph  possesses  a  large  paracone.  D. 
compactus  has  a  bifurcated  central  valley  confined  to  the  lingual  side  of  the  tooth.  D.  ordii 
and  D.  spectabilis  have  the  central  valley  deep  and  pitlike,  forming  isolated  lakes  with  slight 
wear,  and  the  metacone  forms  a  nipple-shaped  labial  corner  to  the  tooth.  D.  merriami  has 
the  central  valley  expanded  to  a  shallow  cup,  protoloph  reduced  to  an  enamel  wall,  and 
nipple-shaped  lingual  and  labial  corners.  In  the  enamel  cap  pattern  of  Dipodomys  the 
protoloph  is  united  with  wear  to  the  metaloph  by  the  metacone  along  the  labial  margin 
of  the  tooth.  In  Prodipodomys  centralis ,  the  protoloph  is  united  to  the  hypocone  at  the 
central  axis  of  the  tooth.  Dipodomys  probably  is  not  descendent  from  Prodipodomys 
centralis. 

Extinct  species  of  Dipodomys  include  D.  minor  (early  Irvingtonian  age),  D.  hibbardi 
(latest  Blancan  age)  and  a  new  species,  described  beyond,  of  Irvingtonian  age.  Dipodomys 
fossils  of  later  Pleistocene  age  have  been  referred  to  extant  species.  Key  words :  kangaroo 
rats;  Dipodomys ;  dental  characters;  new  fossil  species. 

Screen-washing  of  sandy,  calcareous  silt  from  a  site  in  the  Seymour 
Formation  of  Knox  County,  Texas,  has  yielded  a  small  but  important 
mammalian  microfauna  of  Irvingtonian  age.  The  site  is  stratigraphically 
below  a  deposit  of  Type  O  Pearlette  volcanic  ash,  and,  therefore,  is  more 
than  600,000  years  old.  Among  the  fossils  recovered  are  an  upper  fourth 
premolar  (UP4)  and  a  lower  first  molar  (LM1)  of  a  large  species  of 
kangaroo  rat.  Dipodomys ,  like  other  mammals  with  strongly  hypsodont 
cheekteeth  that  lack  diverging  roots  (for  example,  rabbits,  horses,  pocket 
gophers),  has  the  teeth  fastened  to  the  alveolar  wall  by  fibrous  connective 
tissue.  When  the  fibers  decompose  after  death  the  teeth  slip  easily  from 
their  alveoli  and  most  fossils  of  Dipodomys  will  consist  of  isolated  teeth. 
In  attempting  to  identify  our  fossils,  we  reviewed  the  ontogeny  of 
cheekteeth  in  several  species  of  fossil  and  Recent  kangaroo  rats,  and 
some  interesting  features  have  become  apparent. 
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Materials  and  Terminology 

We  have  limited  our  survey  of  the  dentition  of  Recent  kangaroo  rats  to  those  species 
occurring  in  the  eastern  part  of  the  geographic  range  of  the  species.  We  have  had  available 
for  study  more  than  200  skulls  of  Dipodomys  elator  Merriam,  50  skulls  of  D.  spectabilis 
Merriam,  500  skulls  of  D.  ordii  Woodhouse  (not  all  examined),  250  skulls  of  D.  merriami 
Mearns,  all  in  the  Midwestern  State  University  Collection  of  Recent  Mammals,  and  27 
skulls  of  D.  compactus  True,  26  of  them  borrowed  from  the  Texas  A&M  University 
Department  of  Wildlife  and  Fisheries  Sciences  Collection,  and  98  skulls  of/),  spectabilis 
from  The  Museum,  Texas  Tech  University. 

The  cusps  and  valleys  that  make  up  the  enamel  pattern  of  the  cheekteeth  of  kangaroo 
rats  are  seen  only  at  the  enamel-covered  top  of  a  tooth.  The  complete  enamel  cap  is 
exposed  only  for  a  short  period  after  a  tooth  erupts. 

Cheekteeth  of  Dipodomys  erupt  in  sequence:  first  the  upper  and  lower  deciduous  fourth 
premolars  (DP4’s),  followed  by  Ml’s,  M2’s,  M3’s,  and  permanent  P4’s.  In  the  youngest 
specimens  taken  in  traps,  the  DP4’s  are  already  worn,  Ml’s  fully  erupted,  M2’s  partly 
exposed,  but  M3’s  not  yet  visible  in  their  open  alveoli.  By  the  time  the  M3’s  have  grown 
out  of  their  alveoli,  the  tops  of  P4’s  are  visible  between  the  elongated  and  widely  separated 
roots  of  the  DP4’s  as  the  milk  teeth  are  pushed  upward.  The  upper  DP4  is  shed  when  the 
growing  permanent  upper  P4  shatters  its  crown  at  approximately  the  time  M3’s  are  fully 
erupted.  Vestiges  of  the  anterior  roots  of  DP4  may  remain  in  the  jaw  for  some  time 
thereafter. 

Because  teeth  in  museum  specimens  must  be  studied  at  their  occlusal  surfaces,  we  have 
arbitrarily  defined  four  stages  of  tooth  wear:  unworn,  with  the  enamel  structures  of  the 
enamel  cap  not  or  scarcely  abraided;  light  wear,  with  cusps,  lophs,  and  valleys  still  present 
but  cusps  partially  flattened  by  wear;  moderate  wear,  with  enamel  cap  lost  but  enamel 
border  of  occlusal  surface  not  broken  by  dentine  tracts;  and  heavy  wear,  with  the  enamel 
border  interrupted  at  the  sides  of  the  teeth  by  dentine  tracts.  These  stages  are  only  generally 
indicative  of  age.  Dentine  tracts  break  the  enamel  outline  in  Dipodomys  merriami ,  for 
example,  at  a  much  earlier  age  than  they  do  in  D.  compactus. 

We  follow  Wood  (1935)  in  terminology  of  tooth  parts  (Fig.  1),  with  minor  deviations, 
and  incorporate  molar  terminology  for  premolars. 

Prodipodomys  Compared  with  Dipodomys 

The  extinct  genus,  Prodipodomys  Hibbard,  has  been  suggested  as  the 
direct  ancestor  of  Dipodomys  (Hibbard,  1954;  Zakrzewski,  1981). 
Understanding  the  dental  characters  of  Dipodomys  is  aided  by 
comparison  with  the  relatively  primitive  Prodipodomys ,  which  ranged 
from  the  late  Hemphillian  to  latest  Blancan  or  earliest  Irvingtonian  ages 
(about  4.5  to  1.5  million  years  before  present).  The  youngest  known  and 
probably  terminal  species  is  P.  tiheni  (Hibbard)  of  the  Borchers  local 
fauna  of  Kansas.  The  earliest  Dipodomys ,  D.  hibbardi  Zakrzewski, 
occurs  in  the  same  local  fauna. 

Major  differences  between  Prodipodomys  and  Dipodomys  include  the 
enamel  pattern  of  UP4,  brachydont  rather  than  hypsodont  cheekteeth, 
with  multiple  divergent  roots  and  absence  of  dentine  tracts  along  their 
labial  and  lingual  sides. 

A  lightly  worn  UP4  of  Prodipodomys  centralis  (Hibbard)  was  figured 
by  Hibbard  (1972),  and  a  more  worn  UP4  of  the  same  species  by 
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Figure  1.  Upper  fourth  premolar  of  Dipodomys  elator  showing  pattern  of  unworn  enamel 
cap:  cv,  central  valley;  es,  entostyle;  he ,  hypocone;  me ,  metacone;  ml ,  metaloph;  pa , 
paracone;  p/,  protoloph;  pr,  protocone.  Up  is  anterior;  left  is  lingual. 


Hibbard  (1954).  The  almost  round  protoloph  consists  of  the  protocone 
alone,  connected  to  the  metaloph  by  the  hypocone  along  the  central  axis 
of  the  tooth.  In  Dipodomys ,  the  protoloph  is  connected  to  the  metaloph 
along  the  labial  edge  of  the  tooth,  by  way  of  the  metacone. 

Other  differences  between  Dipodomys  and  Prodipodomys  result  from 
hypsodonty.  In  the  brachydont  teeth  of  Prodipodomys ,  teeth  are 
anchored  by  large,  divergent  roots;  cementum  seals  the  space  between 
roots  and  alveolar  bone.  Roots  form  at  an  early  age  and  the  tooth  cannot 
grow  thereafter.  Dentine  tracts  are  barely  suggested  in  advanced  species 
(Zakrzewski,  1981). 

The  crown  length  of  the  hypsodont  teeth  of  Dipodomys  is  much 
greater  than  that  of  Prodipodomys ,  and  growth  continues  through  much 
of  the  life  of  an  individual.  A  tooth  must  move  outward  in  its  alveolus 
to  maintain  occlusion  as  its  tip  is  worn  away.  To  permit  this,  roots  do 
not  develop  until  late  in  life,  and  when  they  do  develop,  they  are  reduced 
in  size,  become  parallel,  and  fuse  together. 

The  anchorage  furnished  by  the  divergent  roots  of  Prodipodomys  is 
not  found  in  Dipodomys.  In  compensation,  dentine  tracts  develop.  The 
enamel  of  the  crown  retreats  in  narrow,  wedge-shaped  bands  along  the 
lateral  edges  of  the  crown,  permitting  dentine-to-cementum-to-bone 
contact.  Some  mammals  that  have  strongly  hypsodont  teeth  (elephants 
and  advanced  horses,  for  example)  achieve  this  contact  by  embedding  the 
entire  tooth  in  cementum. 

Hypsodonty  is  achieved  in  Dipodomys  by  increasing  the  height  of  the 
tooth  beneath  the  enamel  structure  at  the  top  of  the  crown.  The  lophs, 
cusps,  and  valleys  that  make  up  a  good  part  of  the  crown  in 
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Prodipodomys  are,  in  Dipodomys,  compressed  into  a  thin  layer,  the 
enamel  cap.  The  original  enamel  pattern,  sometimes  species  specific,  can 
still  be  detected  in  specimens  of  proper  age  before  it  is  destroyed  by 
attrition. 

Dental  Characters  of  Dipodomys 

The  study  of  roots,  hypsodonty,  and  dentine  tracts  of  Dipodomys  may 
prove  fruitful  but  would  best  be  carried  out  with  series  of  specifically 
collected,  isolated  teeth.  The  range  of  variation  in  height  of  dentine  tracts 
of  a  single  species  of  Dipodomys  has  not  been  described,  though  the 
height  of  dentine  tracts  has  been  used  as  a  taxonomic  character  in  fossil 
Dipodomys  (Zakrzewski,  1981). 

The  unworn  to  lightly  worn  premolar,  UP4,  furnishes  important 
taxonomic  characters  that  will  separate  the  species  of  Dipodomys 
considered  here.  We  found  skulls  with  unworn  to  lightly  worn  UP4’s  to 
be  rare  in  collections,  probably  due  in  part  to  the  reluctance  of  many 
field  collectors  to  preserve  young  animals.  Suitable  skulls  were  fairly 
common  in  a  large  collection  of  Dipodomys  ordii  but  we  found  only  two 
in  148  skulls  of  D.  spectabilis  and  seven  among  250  skulls  of  D. 
merriami.  Because  the  enamel  cap  occupies  but  a  small  area  at  the  top 
of  the  crown  and  is  largely  unsupported  by  dentine,  it  is  swiftly  worn 
away.  Nevertheless,  it  is  this  thin  layer  that  furnishes  critical  characters 
of  the  dentition  in  Dipodomys.  The  characters  are  quite  consistent  within 
species.  We  studied  25  skulls  of  Dipodomys  ordii  with  unworn  to  lightly 
worn  P4’s  and  found  no  differences  not  attributable  to  wear  on  the 
occlusal  surfaces.  Based  on  much  smaller  series,  this  seems  to  be  true  of 
other  species  studied,  with  such  minor  variations  as  might  be  expected. 

The  lower  P4  of  Dipodomys  is  almost  useless  for  taxonomic  purposes 
at  any  stage  of  wear.  In  light  wear,  the  metalophid  is  wider  transversely 
than  the  protolophid,  and  separated  from  it  by  a  shallow  central  valley. 
The  protolophid  consists  of  two  widely  separated  cusps,  protoconid  and 
protostylid,  the  inner  edge  of  the  protoconid  cusp  extending  back  to  form 
an  isthmus  connecting  to  the  metalophid.  With  wear,  the  protolophid 
takes  an  hourglass  shape,  broadly  connected  to  the  metalophid.  In  heavy 
wear,  the  protolophid  becomes  a  rectangular  extension  of  the  metalophid. 
We  noted  no  differences  in  the  characters  of  LP4  in  species  of 
Dipodomys  and,  as  Zakrzewski  (1981)  noted,  the  LP4  is  scarcely 
distinguishable  from  the  LP4  of  Prodipodomys. 

Newly  erupted  Dipodomys  molars  have  central  valleys  separating 
protolophs  from  metalophs  and  protolophids  from  metalophids,  outlined 
internally  by  elevated  lips  of  enamel  formed  by  three  compressed  cusps 
on  each  side.  The  valleys  are  comparatively  shallow  in  primitive  species 
of  Dipodomys ,  such  as  D.  elator,  and  of  relatively  uniform  width.  In 
advanced  species,  such  as  D.  merriami ,  valleys  are  broader  and  deeper 
at  the  labial  ends.  Broad,  V-shaped,  reentrants  extend  down  along  the 
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sides  of  the  teeth,  farther  along  the  sides  of  primitive  species  than  on 
advanced  species  and  always  farther  on  the  labial  sides  than  on  the 
lingual  sides.  When  the  central  valley  is  worn  away,  the  ends  of  the 
molars  show  large  sharp,  V-shaped  notches.  The  lingual  notch  vanishes 
with  additional  wear.  With  further  wear,  the  labial  notch  is  lost,  leaving 
the  compressed  oval  shape  of  the  adult  Dipodomys  molar.  We  see  no 
differences  in  the  pattern  of  upper  and  lower  molars;  M3’s  tend  to  be 
more  simple  than  the  larger  Ml’s  and  M2’s.  Molars  differ  to  a  degree 
among  species  of  Dipodomys  but  the  teeth  offer  few  characters  of  value, 
and  these  are  difficult  to  assess  and  measure.  Molars  were  not  used  in 
the  following  review. 

Number  of  roots  of  premolars,  age  of  individual  when  roots  of  molars 
close,  degree  of  hypsodonty,  and  development  of  dentine  tracts  on  teeth 
all  offer  promise  as  taxonomic  characters.  However,  practical 
considerations  limit  their  utility.  Roots  can  be  examined  readily  only  on 
isolated  teeth.  We  found  that  teeth  of  museum  specimens  of  Dipodomys , 
in  which  the  connective  tissue  fibers  have  not  decomposed,  adhere  tightly 
in  their  alveoli  and  cannot  be  removed  without  damage  to  jaws,  and 
often  to  teeth  as  well.  Because  the  number  of  isolated  teeth  available  was 
limited,  we  did  not  pursue  this  matter.  We  did  note  that  of  seven  isolated 
UP4’s  of  Dipodomys  elator ,  three  small,  partly  fused  roots  were  always 
present. 

Determination  of  degrees  of  hypsodonty  also  requires  study  of  isolated 
teeth.  Zakrzewski  (1981)  measured  the  degree  of  hypsodonty  in 
Prodipodomys  by  comparing  the  height  of  the  enamel-covered  crown 
with  the  maximum  length  of  the  root.  This  could  be  done  in  Dipodomys 
by  comparing  the  height  of  the  crown  in  young  animals,  without  roots, 
to  the  length  of  the  roots  of  old  individuals.  In  Dipodomys ,  full-length 
crowns  and  roots  do  not  exist  at  the  same  time.  In  the  absence  of  series 
of  isolated  teeth,  we  did  not  pursue  this. 

Development  of  dentine  tracts  differs  among  species  of  Dipodomys. 
The  tracts  are  exposed  as  gaps  in  the  enamel  outline  of  teeth  worn  to 
the  advanced  stage.  We  noted,  as  did  Wood  (1935)  and  others,  that  D. 
compactus  has  low  dentine  tracts.  D.  elator  tracts  are  almost  as  low,  and 
those  of  D.  merriami  quite  high.  However,  by  the  time  the  tracts  are 
exposed  at  the  occlusal  surface,  one  cannot  measure  how  much  of  the 
overlying  crown  has  been  worn  away.  Comparison  must  be  based  on  the 
distance  between  top  of  tracts  and  top  of  the  unworn  crown. 

Dentine  tracts  can  be  seen  on  the  sides  of  teeth  without  removing  teeth 
from  jaws.  Inasmuch  as  the  tracts  are  covered  with  a  thin  layer  of 
cementum  that  is  almost  identical  to  the  enamel  in  appearance,  detection 
of  the  boundaries  of  the  tracts  is  difficult.  Zakrzewski  (1981)  mentioned 
use  of  stains  to  differentiate  tracts  from  enamel.  We  found  that  Turquoise 
Blue  Rock  Dye  (Griegers,  Inc.,  P.O.  Box  93070,  Pasadena,  California 
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91109),  a  dye  intended  to  stain  agates  and  other  rocks,  colored  bone  and 
cementum  dark  blue  without  staining  the  enamel  although  fractures  and 
chips  in  the  enamel  did  stain.  Coloring  entire  skulls  of  museum  specimens 
bright  blue  would  not  be  acceptable  to  curators. 

Dentine  tracts  also  were  exposed  by  soaking  isolated  teeth  in  both 
glacial  acetic  acid  and  full  strength  commercial  Clorox  bleach  for  three 
days.  Such  treatment  probably  is  destructive  to  teeth  and  certainly  is  to 
bone. 

Dentine  tracts  are  more  apparent  when  skulls  are  immersed  in  liquids 
of  different  refractive  indices.  Water  had  no  effect  but  both  95  percent 
methyl  alcohol  and  carbon  tetrachloride  were  helpful.  These  liquids 
probably  would  not  harm  skulls.  However,  to  be  examined  the  teeth 
must  be  cleaned  of  the  black  tartar  that  adheres  to  their  bases.  This 
proved  difficult  and  tedious,  and  may  lead  to  damage  of  teeth. 

Enamel  Cap  Pattern  of  the  Upper  Premolar  in  Dipodomys 

Dipodomys  elator. — The  enamel  pattern  of  the  UP4  of  D.  elator  (Fig. 
2)  is  unique  and  it  is  difficult  to  see  how  the  pattern  of  other  species 
could  be  derived  from  it  or  it  from  those  of  other  species.  In  D.  elator , 
the  protoloph  of  the  unworn  UP4  consists  of  two  cusps  rather  than  one. 
We  term  the  labial  cusp  the  paracone.  The  central  valley  passes 
completely  across  the  tooth,  separating  protoloph  from  metaloph, 
opening  between  entostyle  and  protocone  on  the  lingual  side  and  between 
paracone  and  metacone  on  the  labial  side.  In  other  species  examined,  the 
central  valley  is  closed  or  sparsely  open  at  its  labial  end.  The  cusps  of 
the  metaloph  are  small  and  simple;  the  entostyle  is  small,  the  hypocone 
small  but  expanded  anteriorly,  and  the  metacone  elongated. 

With  light  wear,  the  metacone  becomes  connected  to  the  base  of  the 
paracone.  The  paracone  and  protocone  become  rounded  enamel  outlines 
separated  by  a  deep  notch,  and  the  central  valley  is  shallow  and  almost 
straight.  An  anterior  cingulum,  when  present,  forms  a  strong  shelf  at  the 
base  of  the  enamel  cap. 

Dipodomys  compactus. — The  enamel  pattern  is  complicated  but 
distinctive  in  this  species,  and  the  pattern  of  other  species  could  be 
derived  from  it.  We  have  not  seen  an  unworn  UP4  but  the  enamel 
pattern  is  readily  determined  from  teeth  in  a  light  stage  of  wear.  The 
entostyle  is  large  and  anteriorly  directed,  almost  tear-drop  shaped  in  the 
lightly  worn  tooth,  and  well  separated  from  the  hypocone.  The  metacone 
is  elongated,  extending  anterolabially  as  an  enamel  wall  to  abruptly  bend 
anterolingually  in  a  sharp  angle.  There  is  no  opening  or  only  a  shallow 
one  to  the  central  valley  between  the  angle  and  the  protocone.  The 
protocone  arches  lingually  and  posteriorly.  The  central  valley  opens 
broadly,  turning  to  circle  about  the  inner  curves  of  protocone  and 
entostyle,  almost  meeting  the  enamel  of  the  outer  curves  of  these  cusps. 
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Figure  2.  Enamel  patterns  of  upper  P4’s  of  four  species  of  Dipodomys  showing  progressive 
wear  (left  to  right)  of:  top,  Dipodomys  elator\  second  line,  D.  compactus\  third  line,  D. 
ordii\  bottom  line,  D.  merriami.  Note  deep  central  valley  and  presence  of  paracone  in 
D.  e/ator;  bifurcated  valley  in  D.  compactus  with  valley  confined  to  lingual  side  of 
tooth;  deep  valley  with  posterior  spur  in  D.  ordii,  forming  isolated  enamel  lake  with 
wear;  pitlike  valley  of  D.  merriami  that  does  not  form  isolated  lake. 

This  forms  a  bifurcated  central  valley,  a  condition  unique  among  the 
species  studied. 

With  wear  the  protoloph  and  metaloph  become  broadly  connected 
along  the  labial  side  of  the  tooth.  The  central  valley  is  persistent;  with 
wear  the  anterior  and  posterior  arms  become  broader  and  shorter,  and 
the  lingual  opening  to  the  central  valley  broader.  In  later  stages  of  light 
wear  the  divergent  arms  vanish,  the  valley  shortens  and  broadens,  but 
does  not  form  an  isolated  lake. 

Dipodomys  ordii. — The  enamel  pattern  of  the  unworn  UP4  of 
Dipodomys  ordii  could  be  derived  from  that  of  D.  compactus.  The 
entostyle  is  tear-drop  shaped  and  anteriorly  directed,  the  hypocone 
anteriorly  positioned,  and  the  metacone  has  migrated  anteriorly  to 
become  a  small  but  distinct  cusp  at  the  labial  corner  of  the  tooth.  The 
protocone  forms  an  almost  straight  loph  across  the  anterior  margin  of 
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the  central  valley.  The  opening  to  the  central  valley  is  a  gap  between 
entostyle  and  protoloph.  The  central  valley  is  straight  anteriorly,  not 
curved  about  the  protocone  as  in  D.  compactus,  but  does  curve 
posteriorly  about  the  internal  curve  of  the  entostyle.  The  valley  is  deep, 
almost  pitlike,  with  the  transverse  part  deeper  than  the  posterior  spur 
between  entostyle  and  hypocone.  The  enamel  wall  of  the  valley  opening, 
between  entostyle  and  protocone,  is  higher  than  the  central  valley.  With 
wear,  dentine  appears  at  the  posterior  border  of  the  central  valley,  then 
the  labial  edge,  and  lastly  the  lingual  edge,  leaving  an  isolated  enamel 
lake. 

The  narrowed  point  of  the  metacone  takes  a  somewhat  nipple-like 
shape,  emphasized  with  additional  wear.  The  nipple-shaped  labial  point 
persists  into  the  early  stages  of  moderate  wear.  There  is  no  similar  nipple¬ 
shaped  point  on  the  lingual  side  of  the  tooth. 

Dipodomys  spectabilis. — The  enamel  cap  of  this  species  is  known  to  us 
by  only  two  specimens,  one  unworn  and  one  in  early  stage  of  light  wear 
(Fig.  3).  We  suspect  that  the  scarcity  of  unworn  to  lightly  worn  dentitions 
in  collections  results  mostly  from  lack  of  collecting  where  this  species 
occurs  during  the  summer  months  when  young  animals  probably  are 
most  common.  Unworn  to  lightly  worn  UP4’s  were  almost  as  rare  in 
Dipodomys  merriami  as  in  D.  spectabilis ;  both  species  occupy  arid  desert 
habitat.  Unworn  to  lightly  worn  UP4’s  of  D.  ordii,  D.  compactus,  and 
D.  elator  were  more  common  in  collections.  These  species  occupy  more 
equitable  habitat,  where  specimens  are  more  often  collected  in  summer. 

The  single  unworn  UP4  of  Dipodomys  spectabilis  available  to  us 
resembles  that  of  D.  ordii.  The  transverse  valley  is  straight  where  it 
borders  the  protoloph  and  nearly  straight  posteriorly.  The  valley  is 
narrow  and  deep,  and  does  not  curve  posteriorly  about  the  internal  side 
of  the  entostyle.  There  appears  to  be  a  narrow,  shallow  labial  opening 
of  the  central  valley  between  the  labial  point  (hypocone)  and  labial 
margin  of  the  protocone. 

The  pattern  described  is  similar  in  the  lightly  worn  tooth.  Dentine  is 
beginning  to  become  visible  surrounding  the  central  valley  except  on  the 
lingual  margin.  The  central  valley  will  form  an  isolated,  elongated  lake 
with  additional  wear.  The  nipple-shaped  labial  point  is  present,  as  in  D. 
ordii. 

Dipodomys  merriami. — The  basic  structure  of  Dipodomys  ordii  is  seen 
in  the  enamel  cap  of  D.  merriami.  The  entostyle  is  quite  distinct,  forming 
a  narrow,  high  cusp  at  the  posterior  entrance  of  the  central  valley.  The 
hypocone  bulges  into  a  broad  but  shallow  central  pit.  The  labial  point 
formed  by  the  metacone  is  sharp  and  nipple-shaped,  as  in  D.  ordii.  The 
protocone  forms  an  elongated  shelf  overhanging  the  central  pit.  The 
entrance  between  protocone  and  entostyle  is  narrow. 
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Figure  3.  Two  upper  P4’s  of  Dipodomys  spectabilis  showing  resemblance  to  UP4  of  D. 

merriami. 

A  major  difference  between  the  patterns  of  D.  ordii  and  D.  merriami 
appears  with  slight  wear.  In  the  latter,  the  entostyle  curves  to  resemble 
the  metacone  at  the  opposite  end  of  the  tooth.  The  lingual  end  of  the 
tooth  pinches  in  to  form  another  nipple-shaped  point.  The  tooth  becomes 
a  compressed  oval  with  pinched  ends,  a  shape  that  persists  well  into 
moderate  stage  of  wear.  In  more  advanced  wear,  the  ends  of  the  tooth 
become  rounded  and  the  shape  is  a  narrow,  compressed  oval.  Strong 
anterior  cingula  are  quite  common  in  D.  merriami. 

Relationships  of  Species  of  Dipodomys  Indicated  by  Enamel  Cap 

Patterns 

The  enamel  pattern  of  Dipodomys  elator  is  unique  in  possessing  a 
paracone  and  a  central  valley  that  passes  completely  across  the  crown  of 
UP4.  The  latter  character  is  certainly  primitive.  Whether  the  paracone  is 
a  primitive  or  derived  character  remains  to  be  discovered. 

The  polarity  series,  Dipodomys  compactus  to  ordii  to  merriami ,  seems 
to  represent  stages  in  the  molarization  of  the  UP4.  In  D.  compactus ,  the 
central  valley  is  limited  in  area,  outlined  labially  by  bifurcated  arms  and 
confined  to  the  lingual  side  of  the  tooth.  In  D.  compactus  (and  D. 
elator ),  the  UP4  is  longer  anteroposteriorly  at  the  heavy  wear  stage  than 
at  the  moderate  wear  stage,  but  this  is  not  true  of  D.  ordii  and  D. 
merriami.  Even  when  the  enamel  cap  of  D.  compactus  and  D.  elator  is 
worn  away,  the  protoloph  still  may  be  seen  at  the  occlusal  surface  as  a 
rectangular  or  triangular  structure  at  the  anterior  face  of  the  metaloph. 
In  D.  ordii  and  D.  merriami ,  the  UP4  is  of  uniform  anteroposterior 
height  throughout  its  length  and  a  remnant  of  the  protoloph  is  indicated 
only  in  specimens  with  a  bulge  at  the  anterior  face  of  the  tooth. 

The  progression  from  Dipodomys  compactus  to  ordii  to  merriami 
seems  to  represent  stages  in  the  incorporation  of  the  protoloph  into  the 
metaloph.  The  original  central  valley  is  broadened  to  a  pit  and  the 
protoloph  reduced  to  the  enamel  wall  anterior  to  the  pit. 

Our  review  covers  the  UP4  enamel  cap  of  only  five  species  of 
Dipodomys.  Hall  (1981)  listed  22  species  of  Dipodomys  from  the  United 
States  and  Mexico.  Study  of  additional  material  might  add  to  the 
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patterns  described  here.  We  have  found,  however,  that  isolated  UP4’s  of 
Dipodomys,  such  as  are  discovered  in  fossil  deposits,  do  offer  identifying 
characters  if  they  are  in  the  proper  stage  of  wear. 

Relationships  of  Dipodomys 

Hibbard  (1954)  suggested  that  Dipodomys  was  directly  descendent 
from  Prodipodomys ,  a  position  supported  by  Zakrzewski  (1981). 
Voorhies  (1975)  thought  the  ancestor  of  Dipodomys  was  probably 
Eodipodomys.  Eodipodomys  is  certainly  advanced  over  Prodipodomys , 
with  increased  hypsodonty,  and  well-developed  dentine  tracts.  Its  incisors 
are  asulcate  rather  than  grooved  as  in  Dipodomys.  Eodipodomys , 
however,  is  known  only  from  the  late  Clarendonian  and  no  similar  taxa 
are  known  from  the  several  millions  of  years  between  the  late 
Clarendonian  and  late  Hemphillian  when  Prodipodomys  first  appears  in 
the  record. 

Zakrzewski  (1981)  noted  a  cline  in  hypsodonty  in  Prodipodomys ,  early 
species  being  mostly  brachydont  and  the  latest  species  most  hypsodont. 
Similarly,  roots  appear  to  be  stronger  in  earlier  species. 

The  enamel-cap  pattern  of  Dipodomys  does  not  support  descent  of 
Dipodomys  from  known  species  of  Prodipodomys.  In  the  UP4  of  P. 
centralis ,  the  protoloph  consists  of  the  protocone  alone,  as  in  species  of 
Dipodomys  other  than  D.  elator,  but  it  is  attached  to  the  metaloph  by 
the  hypocone  along  the  central  axis  of  the  tooth  (Hibbard,  1972:  fig.  35; 
1954:  fig.  3E)  rather  than  by  the  metacone  along  the  labial  edge  of  the 
tooth.  The  loss  of  the  connection  through  the  hypocone  and  new 
connection  through  the  metacone  is  a  basic  change  in  pattern.  The 
Prodipodomys  pattern  is  more  primitive  than  that  of  Dipodomys , 
resembling  the  more  ancient  Cupidinimus  Wood  (Barnosky,  1986). 

Fossils  of  Prodipodomys  are  not  common  and  the  only  species  for 
which  the  enamel  pattern  of  UP4  is  known  is  P  centralis.  About  22  valid 
species  of  Dipodomys  exist  today  (Hall,  1981),  and  in  much  of  the  range 
of  the  genus  two  or  more  species  occur  together.  If  Prodipodomys  was 
equally  rich  in  species  during  the  Blancan  age,  taxa  with  enamel  caps  of 
UP4  like  that  of  Dipodomys  may  have  existed.  We  suspect  an  unknown 
species  and  not  P.  centralis  was  ancestral  to  Dipodomys. 

Fossil  Dipodomys 

Few  specimens  of  Dipodomys  are  known  from  deposits  older  than  the 
late  Pleistocene  (Wisconsin  age).  Dipodomys  minor  Gidley,  1923,  was  the 
first  named.  D.  gidleyi  Wood,  1935,  belongs  in  Prodipodomys. 
Dipodomys  hibbardi  Zakrzewski,  1981,  is  based  on  isolated  teeth, 
including  three  UP4’s.  Dalquest  (1967)  referred  18  isolated  teeth  and  a 
lower  jaw  with  M3  from  the  late  Irvingtonian  Slaton  Quarry  of  Texas 
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to  Dipodomys  ordii  and  Hibbard  (1955)  identified  a  baculum  and  two 
teeth  from  the  Jinglebob  local  fauna  (Sangamon?)  of  Kansas  as 
Dipodomys  ordii.  We  know  of  no  other  pre-Wisconsin  records.  Late 
Pleistocene  specimens,  from  Wisconsin  age  sites,  are  numerous  and  have 
been  referred  to  living  species  or  simply  to  “ Dipodomys  sp.” 

The  two  teeth  from  the  Seymour  Formation  are  consequently 
important.  They  are  much  younger  timewise  than  the  latest  Blancan  age 
Dipodomys  hibbardi  and  come  from  a  site  distant  from  the  type  locality 
of  D.  minor ,  which  is  roughly  the  same  time  equivalent.  The  teeth  appear 
to  represent  a  new  species  that  may  be  named: 

Dipodomys  pattersoni,  new  species 

Holotype. — Right  upper  fourth  premolar,  no.  12220,  Midwestern  State 
University  Collection  of  Fossil  Vertebrates. 

Paratype. — Left  lower  first  molar,  no.  12221,  Midwestern  State 
University  Collection  of  Fossil  Vertebrates. 

Type  locality. — Burnett  Quarry,  Burnett  Ranch,  4  km.  N  U.S. 
Highway  82;  1  km.  E  Texas  Farm-Market  Road  257;  Block  C,  Houston 
and  Central  Texas  Railroad  Survey;  1  km.  SE  type  locality  of  the 
Seymour  Formation  as  fixed  by  Hibbard  and  Dalquest  (1966). 

Age  and  Distribution. — Known  only  from  the  Irvingtonian  (early 
Pleistocene)  age  deposits  at  the  type  locality. 

Etymology. — The  species  is  named  for  Mr.  O.  L.  Patterson,  who  has 
permitted  the  collection  of  fossils  on  his  land  for  the  past  20  years. 

Diagnosis. — Size  large,  larger  than  Dipodomys  hibbardi  and  D.  minor: ; 
primitive  in  possession  of  comparatively  low  dentine  tracts  on  cheekteeth 
and  deep  labial  reentrants  reaching  far  down  on  the  sides  of  the  lower 
first  molar. 

Description. — Both  holotype  and  paratype  are  well  preserved.  The  base 
of  the  premolar  has  been  broken  away  but  vestiges  of  three  roots  remain, 
the  largest  with  part  of  the  root  canal  visible.  The  roots  were  closed  when 
the  animal  died.  The  tooth  is  in  an  early  stage  of  moderate  wear;  the 
enamel  cap  has  been  completely  worn  away  but  dentine  tracts  fail  to 
reach  the  top  of  the  tooth  by  1.32  mm  on  the  lingual  side  and  1.06  mm 
on  the  labial  side.  The  tooth  would  have  remained  in  a  moderate  wear 
stage  for  an  extended  period  of  time.  The  pattern  exposed  at  the  occlusal 
surface  is  a  bulged  oval,  the  remnant  of  the  protoloph  set  off  on  the 
lingual  side  by  a  short  but  almost  right-angled  constriction.  The  height 
of  the  tooth  as  preserved  is  4.90  mm,  and  allowing  for  the  missing  parts 
of  the  roots,  was  5  mm  or  more  high  when  complete.  The  height  of  the 
crown,  from  lowest  extension  of  enamel  to  top  of  occlusal  surface,  is  3.36 
mm.  Height  of  dentine  tracts,  measured  from  lowest  point  on  adjacent 
enamel,  is:  labial,  1.92  mm;  lingual,  2.38  mm. 
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Table  1.  Comparisons  of  fossil  UP4’s  and  LMl’s  of  species  of  Dipodomys.  Data  for  D. 
hibbardi  from  Zakrzewski,  1981).  Specimens  of  D.  elator  and  D.  spectabilis  selected  for 
moderate  stage  of  wear. 


Length 

Breadth 

N 

Mean 

Standard 

error 

Overall 

range 

Mean 

Standard 

error 

Overall 

range 

Upper  First  Premolar 

D.  elator 

50 

1.127 

0.132 

1.12-1.43 

1.67 

0.038 

1.43-1.87 

D.  spectabilis 

19 

1.16* 

0.042 

1.02-1.32 

1.96 

0.56 

1.81-2.26 

D.  hibbardi 

3 

1.20 

0.035 

1.14-1.26 

1.64 

0.006 

1.50-1.72 

D.  pattersoni 

1 

1.34 

1.80 

Lower  First  Molar 

D.  elator 

50 

1.39 

0.056 

1.21-1.58 

1.75 

0.038 

1.55-1.96 

D.  spectabilis 

19 

1.20* 

0.035 

1.02-1.36 

1.97 

0.050 

1.74-2.19 

D.  pattersoni 

1 

1.77* 

1.80 

*Anteroposterior  lengths  of 

teeth  of 

Dipodomys 

spectabilis 

are  short  because  of 

incorporation  of  protoloph  and  protolophid  into  metaloph  and  metalophid. 

The  paratype  molar  appears  to  be  from  a  younger  animal.  Roots  had 
not  formed  although  the  base  of  the  tooth  is  constricted  and  beginning 
to  close.  The  basal  edges  of  the  enamel  are  somewhat  chipped  but  in 
other  respects  the  tooth  is  complete.  It  is  moderately  worn.  The  lingual 
reentrant  has  been  worn  away  but  the  labial  reentrant,  visible  as  a  notch 
0.26  mm  wide  at  the  top  of  the  tooth,  fades  away  0.94  mm  from  the  top. 
Height  of  the  enamel-covered  crown  of  the  tooth  is  3.47  mm;  greatest 
length,  1.17  mm;  greatest  breadth,  1.8  mm. 

Comparisons. — Comparison  with  Dipodomys  minor  is  difficult  because 
the  holotype  of  that  species  is  a  lower  jaw  with  the  LP4  only.  Gidley 
(1923)  stated  in  the  description  that  the  species  is  the  size  of  Perodipus 
chapmani  (=  Dipodomys  ordii  chapmani  Mearns).  D.  patter soni  is  much 
larger.  D.  hibbardi  is  similar  in  size  to  D.  ordii  and,  therefore,  to  D. 
minor.  Again,  D.  pattersoni  is  larger  (Table  1). 

Dipodomys  pattersoni  was  about  the  size  of,  or  a  bit  larger  than,  the 
living  D.  elator  but  smaller  than  D.  spectabilis.  Dentine  tracts  are 
yellowish,  almost  orange,  in  color  on  the  fossil  teeth,  and  stand  out 
sharply.  The  few  premolar  dentine  tracts  of  D.  elator  studied  appear  to 
extend  higher  than  do  those  of  D.  pattersoni.  D.  pattersoni  differs  from 
D.  compactus ,  which  has  dentine  tracts  similar  to  those  of  pattersoni ,  in 
larger  size  of  UP4  and  LM1.  The  deep  labial  reentrant  on  LM1  is  not 
equaled  in  any  living  species  that  we  examined.  The  reentrant  extends 
0.94  mm  beneath  the  worn  occlusal  surface  at  which  level  the  lingual 
reentrant  is  already  worn  completely  away.  It  probably  extended  more 
than  a  millimeter  deeper  than  the  lingual  reentrant. 

Remarks. — Both  Dipodomys  hibbardi  and  D.  pattersoni  show  some 
primitive  characters,  but  no  more  so  than  the  living  D.  compactus  and 
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D.  elator.  The  presence  of  relatively  advanced  kangaroo  rats  600,000 
years  ago  ( D .  patter soni )  and  more  than  1,000,000  years  ago  ( D . 
hibbardi)  suggests  that  the  differentiation  of  Dipodomys  from  its 
ancestoral  stock  took  place  well  over  a  million  years  ago.  The  time  of 
radiation  of  Dipodomys  species  that  resulted  in  the  present  rich  fauna 
will  be  determined  only  when  more  species  of  late  Blancan  and  early 
Pleistocene  ages  are  discovered. 
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USE  OF  CLIFF  SWALLOW  AND  BARN  SWALLOW  NESTS 
BY  THE  CAVE  BAT,  MYOTIS  VELIFER,  AND  THE 
FREE-TAILED  BAT,  TAD  A  RID  A  BRASILIENSIS 


Richard  M.  Pitts  and  Jerrold  J.  Scharninghausen 

Department  of  Military  Science,  Texas  A&M  University,  College  Station,  Texas  77841 

Abstract. — Cliff  swallow  and  barn  swallow  nests  were  examined  for  20  months  to 
determine  if  the  cave  bat,  Myotis  velifer ,  and  the  free-tailed  bat,  Tadarida  brasiliensis,  were 
accidental  or  permanent  residents.  M.  velifer  was  collected  in  every  month  except  January, 
whereas  T.  brasiliensis  was  taken  only  in  March.  Key  words :  bats;  swallow  nest  utilization; 
Myotis ;  Tadarida. 

On  14  March  1984,  nine  male  and  five  female  cave  bats,  Myotis  velifer , 
were  discovered  inside  two  cliff  swallow  (Petrochelidon  pyrrhonota)  nests 
at  a  place  12.4  mi.  S  Bandera,  Medina  County,  Texas.  Two  male 
Brazilian  free-tailed  bats,  Tadarida  brasiliensis ,  also  were  collected,  one 
from  each  nest.  Buchana  (1958)  found  M.  velifer  and  T.  brasiliensis 
utilizing  the  nest  of  P  pyrrhonota  on  20  March  1957  in  Kinney  County, 
Texas.  He  speculated  that  these  were  accidental  residents  due  to  the 
arrival  of  a  sudden  cold  front,  causing  the  bats  to  seek  shelter  away  from 
their  home  cave. 

P  pyrrhonota  and  Hirundo  rustica  (barn  swallow)  nests  were  checked 
for  a  20-month  period  to  determine  if  M.  velifer  and  T.  brasiliensis  were 
accidental  or  permanent  residents.  Areas  where  M.  velifer  and  T. 
brasiliensis  were  known  to  occur  (Davis,  1974)  were  visited  monthly.  Old 
and  newly-constructed  nests  were  examined  under  bridges  or  in  concrete 
culverts.  A  mirror  affixed  to  a  broom  handle  was  used  so  the  H.  rustica 
nests  could  be  checked  for  bats  without  disturbing  any  young  birds  or 
eggs  in  these  cuplike  mud  nests.  P.  pyrrhonota  nests  are  of  mud,  shaped 
much  as  a  gourdlike  jug,  and  could  not  be  checked  without  breaking 
them  open;  these  were  not  checked  during  the  nesting  period.  Usually  one 
or  two  voucher  specimens  of  bats  were  collected. 

M.  velifer  was  found  in  swallow  nests  in  every  month  except  January. 
Most  of  those  taken  were  males  but  five  females  were  captured  in 
October  in  nests  under  a  bridge  in  Bastrop  County,  Texas.  Disturbed 
bats  usually  would  fly  away  and  return  shortly,  either  to  the  same  nest 
or  one  nearby.  Many  newly-constructed  nests,  as  well  as  old  nests,  were 
used  by  M.  velifer.  It  was  not  determined  if  the  bats  occupied  already 
abandoned  nests  or  if  they  caused  some  birds  to  abandon  their  nests.  No 
more  than  five  M.  velifer  were  found  in  a  single  H.  rustica  nest,  and  most 
occupied  nests  contained  only  a  single  bat.  In  the  larger  P.  pyrrhonota 
nests,  it  was  not  uncommon  to  find  five  or  more  cave  bats. 
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The  counties  from  which  we  collected  M.  velifer  were  Bastrop,  Burnet, 
Llano,  Medina,  Travis,  Uvalde,  and  Wilson.  They  were  taken  from  April 
through  October  at  the  Bastrop  collecting  site,  which  is  on  the  eastern 
limits  of  the  known  range  of  M.  velifer  in  Texas  (Davis,  1974).  In  the 
other  counties,  these  bats  were  collected  from  February  through  mid- 
December.  Only  when  the  temperature  dropped  below  0°  C  in  late 
December  and  January  were  they  absent  from  swallow  nests. 

M.  velifer  appears  to  be  a  year-long  occupant  of  P.  pyrrhonota  and  H. 
rustica  nests  in  south-central  Texas  except  during  harsh,  cold  weather.  It 
also  should  be  noted  that  M.  velifer  was  never  common;  only  at  four 
collecting  sites  were  more  than  10  found.  Sometimes  several  were  present 
in  one  culvert  but  a  culvert  or  bridge  less  than  a  mile  away  would  have 
none. 

T.  brasiliensis  was  collected  only  in  P  pyrrhonota  nests  in  March,  both 
in  our  research  and  in  a  previous  study  (Buchana,  1958).  Both  times,  T. 
brasiliensis  occupied  nests  along  with  M.  velifer.  Our  conclusion  is  that 
T.  brasiliensis  does  not  use  swallow  nests  as  a  permanent  retreat  as  does 
M.  velifer. 

This  study  was  based  on  the  following  specimens,  which  are  deposited 
in  the  Texas  Cooperative  Wildlife  Collection,  Texas  A&M  University. 

Myotis  velifer  (44).  Bastrop  Co.:  11  mi.  NE  Bastrop,  16;  1.3  mi.  E 
Cedar  Creek,  1.  Burnet  Co.:  5  mi.  S  Burnet,  1;  6.3  mi.  SW  Marble 
Falls,  1;  1.3  mi.  SW  Spicewood,  1.  Llano  Co.:  3.3  mi.  NW  Royal  Oaks, 
3.  Medina  Co.:  12.4  mi.  S  Bandera,  14;  3.4  mi.  W  Casterville,  1.  Travis 
Co.:  6.3  mi.  SW  Elgin,  1.  Uvalde  Co.:  12  mi.  S  Sabinal,  2.  Wilson  Co.: 
4.5  mi.  SE  Stockdale,  3. 

Tadarida  brasiliensis  (2).  Medina  Co.:  12.4  mi.  S  Bandera,  2. 
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Abstract. — Allozymic  variation  at  19  presumptive,  enzyme-encoding  loci  was  assessed  by 
horizontal  starch  gel  electrophoresis  for  a  representative  sample  of  Lepomis  macrochirus 
purpurescens  and  Texas  bluegill  tentatively  corresponding  to  L.  m.  speciosus.  Among  the 
nine  polymorphic  loci,  one  esterase  exhibited  no  shared  alleles  between  these  samples  and 
allele  frequency  differences  characterized  several  additional  loci.  The  three  most 
discriminating  loci  were  subsequently  analyzed  for  four  additional  samples  representing  each 
of  the  three  recognized  bluegill  subspecies.  The  combined  data  revealed  a  distinct  dicotomy 
between  L.  m.  purpurescens  and  the  other  two  subspecies.  Samples  of  L.  m.  macrochirus 
and  L.  m.  speciosus ,  however,  did  not  cluster  according  to  subspecific  designation. 
Although  a  more  comprehensive  study  of  geographic  variation  is  warranted,  these  data  do 
not  support  genetic,  and  therefore  subspecific,  distinction  between  L.  m.  macrochirus  and 
L.  m.  speciosus.  Key  words :  electrophoresis;  bluegill;  genetics. 


The  bluegill,  Lepomis  macrochirus,  is  a  member  of  the  family 
Centrarchidae,  which  encompasses  nine  genera  and  32  living  species. 
Three  subspecies  are  recognized:  L.  m.  macrochirus,  ranging  throughout 
the  St.  Lawrence  and  Mississippi  drainages  to  the  Chattahoochie  River 
in  Georgia;  L.  m.  purpurescens,  ranging  through  southeastern  Georgia 
and  the  Florida  peninsula;  and  L.  m.  speciosus,  ranging  through  Texas 
to  northeastern  Mexico.  Lepomis  m.  speciosus  was  originally  described 
by  Baird  and  Girard  (1854)  as  Pomotis  speciosus,  but  was  subsequently 
relegated  to  subspecific  status.  Range  descriptions  differ  (Miller  and 
Winn,  1951;  Knapp,  1953;  Hubbs  and  Lagler,  1958),  and  the  genetic 
status  of  L.  m.  speciosus  relative  to  the  other  subspecies  of  bluegill  is 
unknown.  Lepomis  m.  purpurescens  is  the  most  morphologically  distinct 
of  the  subspecies,  and  Hubbs  and  Lagler  (1958)  tentatively  suggested 
specific  recognition  of  these  fish.  This  subspecies  has  redder  fins,  broader 
bars  in  the  young,  a  greater  average  number  of  soft  anal  rays,  and 
exhibits  faster  growth,  larger  size,  and  increased  hardiness  as  compared 
to  the  other  races  of  bluegill  (Hubbs  and  Allen,  1943).  It  appears  that 
L.  m.  purpurescens  may  have  diverged  allopatrically  in  Pleistocene 
Florida  and  currently  maintains  secondary  contact  with  the  other 
subspecies  (Avise  and  Smith,  1974a). 

Due  to  increased  growth  potential,  L.  m.  purpurescens  has  become  a 
focus  of  attention  for  enhancing  existing  fisheries  through  introductions 
into  waters  outside  its  native  range.  This  Florida  subspecies  currently  is 
being  cultured  at  Texas  Parks  and  Wildlife  Department  fish  hatcheries, 
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and  a  limited  stocking  program  of  public  waters  in  Texas  has  been 
established.  The  stocking  of  L.  m.  purpurescens  into  existing  populations 
in  Texas  has  necessitated  the  development  of  reliable  methods  of 
subspecies  identification  and  population  evaluation.  Although  average 
number  of  soft  anal  rays  differs  between  L.  m.  purpurescens  (12  soft  anal 
rays)  and  other  bluegill  subspecies  (10-11  soft  anal  rays)  (personal 
communication,  R.  M.  Bailey,  University  of  Michigan,  Ann  Arbor), 
morphological  differences  between  subspecies  of  fish  tend  to  be  obscured 
when  they  are  stocked  together  (Harvey  et  al.,  1980;  Pelzman,  1980).  The 
present  study  was  conducted  to  evaluate  the  potential  of  using 
electrophoretic  characters  to  differentiate  between  bluegill  subspecies,  and 
to  serve  as  a  means  of  assaying  long-term  culture  and  stocking  programs 
involving  Texas  and  Florida  bluegills. 

Materials  and  Methods 

Due  to  the  uncertain  taxonomic  status  of  bluegill  in  Texas,  we  hereafter  refer  to  these 
fish  as  Texas  bluegill  and  reserve  taxonomic  distinction.  Individuals  from  both  L.  m. 
purpurescens  and  Texas  bluegill  populations  were  analyzed  in  the  first  phase  of  this  study. 
The  specimens  of  L.  m.  purpurescens  (n  =  20)  were  obtained  from  a  culture  stock 
maintained  at  San  Marcos  State  Fish  Hatchery,  Texas,  and  were  first-generation  offspring 
of  stock  collected  from  Lake  Okeechobee,  Florida,  in  1981.  The  Texas  bluegills  (n  =  20) 
were  collected  from  Lake  Conroe,  Texas,  which  has  received  no  known  introduction  of  L. 
m.  purpurescens. 

Liver,  white  skeletal  muscle,  and  eye  tissue  were  excised  from  each  fish  and  processed 
according  to  methods  described  by  Harvey  et  al.  (1980).  Horizontal  starch  gel 
electrophoresis  was  performed  following  the  procedures  of  Selander  et  al.  (1971)  and  Harris 
and  Hopkinson  (1976).  Nineteen  enzymes  were  analyzed  from  the  three  tissue  sources: 
aconitase  (ACON),  alcohol  dehydrogenase  (ADH),  creatine  kinase  (CK),  esterase  (EST), 
glutamate  dehydrogenase  (GDH),  glutamate  oxalate  transaminase  (GOT),  glucose-6- 
phosphate  dehydrogenase  (G-6-PDH),  a-glycerol  phosphate  dehydrogenase  (a-GPD), 
isocitrate  dehydrogenase  (IDH),  leucine  aminopeptidase  (LAP),  lactate  dehydrogenase 
(LDH),  malate  dehydrogenase  (MDH),  mannose  phosphate  isomerase  (MPI),  6- 
phosphogluconate  dehydrogenase  (6-PGD),  phosphoglucose  isomerase  (PGI), 
phosphoglucomutase  (PGM),  sorbitol  dehydrogenase  (SDH),  tetrazolium  oxidase  (TO)  and 
xanthine  dehydrogenase  (XDH).  In  order  to  maximize  resolution,  the  19  enzymes  were 
subjected  to  a  spectrum  of  five  buffer  systems:  Tris-citrate  pH  8.0,  discontinuous  Tris-citrate 
pH  6. 7/6. 3,  Lithium  hydroxide,  Poulik/ Borate  (Selander  et  al.,  1971),  and  Ridgeway 
(Ridgeway  et  al.,  1970).  The  optimum  set  of  conditions  for  scoring  each  isozyme  was  chosen 
based  on  reaction  intensity,  isozyme  separation,  and  resolution  of  allozymes.  For  each 
enzyme  stain,  the  most  anodally  migrating  isozyme  (=locus)  was  designated  “1,”  with 
progressively  slower  migrating  isozymes  receiving  progressively  higher  numerical 
designations.  For  each  isozyme,  the  most  common  allozyme  (=allele)  in  L.  m.  purpurescens 
was  designated  as  100,  with  more  anodally  migrating  allozymes  given  proportionally  higher 
numbers  and  more  cathodally  migrating  allozymes  given  lower  numbers  on  the  basis  of 
migration  distance  measured  from  the  origin.  In  the  case  of  EST-2,  a  consistently  double- 
banded  pattern  was  designated  as  EST-2100,  with  the  point  intermediate  between  these  two 
bands  used  as  the  reference  point  in  the  numerical  designation  of  other  EST-2  alleles. 

Allele  frequencies  at  each  locus  were  determined  for  both  populations  sampled.  Percent 
of  polymorphic  loci  per  sample  (P),  heterozygosity  per  locus  (h)  and  mean  number  of 
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heterozygous  loci  per  individual  in  each  sample  (H)  were  determined  by  direct  count.  Loci 
were  considered  polymorphic  if  the  frequency  of  the  most  common  allele  was  0.975,  and 
all  polymorphic  loci  were  subjected  to  a  chi-square  test  for  Hardy- Weinberg  equilibrium. 
Genic  divergence  between  the  subspecies  sampled  was  estimated  using  both  Nei’s  (1972)  and 
Rogers’  (1972)  coefficients  of  genetic  similarity  and  distance. 

In  the  second  phase  of  the  study,  additional  samples  of  bluegills  from  within  the  range 
of  each  of  the  three  recognized  subspecies,  were  evaluated.  Nine  bluegills  from  Lake  Dora, 
Florida,  and  five  bluegills  from  a  pond  in  southern  Illinois  were  provided  by  D.  P.  Philipp, 
Illinois  Natural  History  Survey.  The  Lake  Dora  fish  represent  an  additional  sample  of  L. 
m.  purpurescens,  whereas  the  Illinois  bluegills  represent  L.  m.  macrochirus,  a  subspecies  not 
previously  evaluated  in  this  study.  In  addition,  151  bluegills  were  collected  from  the  Frio 
River,  Texas,  and  represent  another  endemic,  potentially  pure  population  of  Texas  bluegill. 
In  order  to  test  the  ability  of  the  allozymic  criteria  relative  to  documenting  intergradation, 
a  sample  of  19  bluegills  was  collected  from  a  private  pond  in  Kerr  County,  Texas.  In 
addition  to  Texas  bluegill  being  present,  this  pond  received  a  stocking  of  L.  m. 
purpurescens  in  the  late  1940s  and  thus  represents  a  potential  population  of  intergrades. 

These  four  additional  populations  were  not  subjected  to  a  complete  electrophoretic  scan, 
but  were  evaluated  at  the  four  most  diagnostic  enzyme  loci,  as  determined  from  the  scan 
of  the  Texas  bluegill  and  L.  m.  purpurescens  populations  in  the  first  phase  of  this  study. 
The  loci  examined  in  this  latter  study  included  EST-3,  GOT-1,  GOT-2  and  PGM.  Only  liver 
tissue  was  used  and  all  samples  were  run  on  a  Tris-citrate  pH  8.0  buffer  system.  Because 
of  inconsistent  staining,  GOT-1  was  eliminated  from  the  analysis  of  these  samples. 

A  matrix  of  unbiased  genetic  identity  coefficients  (Nei,  1978),  calculated  from  the 
genotypic  frequencies  of  EST-3,  GOT-2  and  PGM  for  all  six  bluegill  samples,  was  subjected 
to  an  unweighted  pair-group  arithmetic  average  (UPGMA)  cluster  analysis.  Nei’s  (1978) 
coefficients  were  used  because  of  their  greater  applicability  to  small  sample  sizes. 


Results  and  Discussion 

Electrophoretic  Variation  in  Two  Bluegill  Populations 

Of  the  19  enzymes  assayed  in  the  first  phase  of  this  study,  seven 
enzyme  systems  (GDH,  G-6-PDH,  a-GPD,  LAP,  MPI,  6-PGD,  and 
XDH)  did  not  produce  results  consistent  enough  to  enable  scoring  of  all 
individuals,  although  all  systems  except  LAP  displayed  some  activity  on 
the  gels.  The  remaining  12  enzymes  produced  19  consistently  scorable 
isozyme  loci  of  which  10  (ACON,  ADH,  CK-1,  CK-2,  EST-1,  IDH, 
LDH-1,  LDH-2,  LDH-3,  and  SDH)  were  monomorphic  for  the  same 
allele  in  both  populations  examined  (Table  1).  Nine  loci  were  scored  as 
polymorphic  in  either  of  the  populations  (Table  2).  The  greatest  number 
of  alleles  at  any  locus  was  four  at  GOT-1.  All  four  of  these  alleles  were 
present  in  the  sample  of  Texas  bluegill,  whereas  the  sample  of  L.  m. 
purpurescens  was  monomorphic  for  GOT-1100.  Heterozygosity  at 
individual  loci  ranged  from  h  =  0.05  at  several  loci  to  h  =  0.59  at  GOT- 
1.  Hardy- Weinberg  analysis  of  polymorphic  loci  in  both  populations 
indicated  that  genotypic  frequencies  observed  were  close  to  those 
expected  at  equilibrium.  In  no  case  were  chi-square  values  significantly 
different  at  P=  0.05. 

Populational  variation  was  greater  in  the  sample  from  Lake  Conroe 
with  P  —  47.4  percent  and  H  =  7.7  percent  as  compared  to  P  =  15.8 
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Table  1.  Summary  of  the  survey  of  electropohretic  variation  in  a  hatchery  stock  of  L.  m. 
purpurescens  from  Florida  and  bluegills  from  Lake  Conroe,  Texas. 


Enzyme 

Tissue 

Number  of 

loci  scored 

Number  of 
alleles/ locus 

Buffer3 

system 

ACON 

liver 

1 

1 

TC  8.0 

ADH 

liver 

1 

1 

TC  6. 7/6. 3 

CK 

eye 

2  (CK-1,  -2) 

1,1 

TC  6. 7/6. 3 

EST 

eye 

3  (EST-1,  -2,  -3) 

1,3,3 

Ridgeway  and 

TC  6. 7/6. 3 

GOT 

liver 

2  (GOT-1,  -2) 

4,2 

TC  8.0 

IDH 

liver 

1 

1 

TC  6. 7/6. 3 

LDH 

eye 

3  (LDH-1,  -2,  -3) 

1,1,1 

TC  6. 7/6. 3 

MDH 

liver 

1 

3 

TC  6. 7/6. 3 

PGI 

muscle 

2  (PGI-1, -2) 

2,3 

Ridgeway 

PGM 

muscle 

1 

3 

Ridgeway 

SDH 

liver 

1 

1 

TC  8.0 

TO 

liver 

1 

2 

Poulik/  Borate 

aBuffer  designations  according  to  Selander  et  al.  (1971)  and  Ridgeway  et  al.  (1970). 


percent  and  H  =f  3.1  percent  in  the  sample  of  L.  m.  purpurescens.  One 
fish  in  the  Lake  Conroe  sample,  however,  exhibited  unique  alleles  in  the 
heterozygous  state  at  the  EST-2,  PGI-1,  PGI-2,  MDH  and  TO  loci. 
Species  of  sunfish  are  known  to  hybridize  relatively  freely  in  nature 
(Childers,  1967;  Avise  and  Smith,  1974b)  and  the  heterozygous  condition 
of  several  unique  alleles  suggests  that  this  fish  may  have  been  an 
interspecific  hybrid  between  bluegill  and  some  unidentified  sunfish.  This 
hypothesis  receives  indirect  support  from  the  abundant  and  diverse 
sunfish  fauna  of  Lake  Conroe.  Eliminating  this  fish  from  the  analysis  of 
polymorphism  in  the  Lake  Conroe  sample  yielded  values  of  P  =  26.3 
percent  and  H  =  6.2  percent. 

Several  loci  were  found  to  be  of  some  value  in  differentiating  the  Texas 
bluegill  and  L.  m.  purpurescens  samples.  Of  these,  the  EST-3  locus  was 
most  discriminatory.  The  sample  of  L.  m.  purpurescens  was 
monomorphic  for  the  EST-3100  allele,  whereas  the  sample  of  Texas 
bluegill  exhibited  two  alternative  alleles,  EST-383  and  EST-394.  A 
pronounced  frequency  difference  separated  the  populations  at  the  GOT- 
2  locus,  with  Texas  fish  having  predominantly  the  GOT-2175  allele  and  L. 
m.  purpurescens  having  predominantly  the  GOT-2100  allele.  The  only 
occurrence  of  the  GOT-2100  allele  in  the  Lake  Conroe  sample  was  in  the 
heterozygous  state  in  the  fish  previously  discussed  which  possessed 
unique  alleles  at  several  loci.  Populational  allele  occurrence  differences 
were  exhibited  at  the  PGM  and  GOT-1  loci.  At  both  of  these  loci,  the 
L.  m.  purpurescens  sample  was  fixed  for  a  single  allele,  whereas  the 
sample  of  Texas  bluegill  exhibited  two  or  more  alleles  including  the  one 
characteristic  of  the  L.  m.  purpurescens  sample  (Table  2).  Although  Avise 
and  Smith  (1974a)  mentioned  a  third,  more  anodal  GOT  locus  in  their 
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Table  2.  Allele  frequencies  at  nine  polymorphic  loci  determined  by  electropohretic  analysis 
of  a  hatchery  stock  of  L.  m.  purpurescens  from  Florida  and  bluegills  from  Lake  Conroe, 
Texas.  Designation  of  alleles  is  described  in  text. 


Locus 

Allele 

Allele  frequencies 

L.  m.  purpurescens  Texas  bluegill 

EST-2 

88 

0.000 

0.025a 

100 

0.975 

0.975 

107 

0.025 

0.000 

EST-3 

83 

0.000 

0.025 

94 

0.000 

0.975 

100 

1.000 

0.000 

GOT-1 

86 

0.000 

0.050 

100 

1.000 

0.575 

107 

0.000 

0.125 

121 

0.000 

0.250 

GOT-2 

100 

0.950 

0.025 

175 

0.050 

0.975 

MDH 

60 

0.000 

0.025 

100 

1.000 

0.950 

113 

0.000 

0.0253 

PGI-1 

96 

0.000 

0.025a 

100 

1.000 

0.975 

PGI-2 

89 

0.000 

0.025a 

100 

0.775 

0.950 

107 

0.225 

0.025 

PGM 

100 

1.000 

0.175 

115 

0.000 

0.800 

139 

0.000 

0.025 

TO 

100 

1.000 

0.975 

118 

0.000 

0.0253 

indicates  alleles  present  only  in  the  interspecific  hybrid  discussed  in  text. 


two  bluegill  samples  from  Texas,  this  locus  was  not  evident  in  our  sample 
from  Lake  Conroe. 

Patterns  of  allozymic  variation  and  divergence  between  populations  of 
L.  m.  macrochirus  and  L.  m.  purpurescens  were  interpreted  by  Avise  and 
Smith  (1974a)  as  evidence  for  genetic  distinction  and  the  presence  of  a 
wide  zone  of  secondary  intergradation  between  these  taxa.  Comparison 
of  genetic  similarity  values  (Table  3)  between  our  samples  of  Texas 
bluegill  and  L.  m.  purpurescens  to  those  reported  between  L.  m. 
purpurescens  and  L.  m.  macrochirus  (Avise  and  Smith,  1974a)  showed 
these  values  to  be  quite  similar,  suggesting  a  level  of  divergence  betwen 
the  populations  in  their  study  equivalent  to  that  between  L.  m. 
purpurescens  and  Texas  bluegill.  However,  a  comparison  of  allozyme 
occurrence  data  between  our  sample  of  Texas  bluegill  and  populations  of 
L.  m.  macrochirus  reported  by  Avise  and  Smith  (1974a)  suggests  that  the 
only  notable  electrophoretic  difference  between  the  two  supposed 
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Table  3.  Comparison  of  previously  calculated  genetic  similarity  and  distance  coefficients  for 
L.  m.  purpurescens  and  L.  m.  macrochirus,  to  those  calculated  in  this  study  for  L.  m. 
purpurescens  and  Texas  bluegill,  excluding  a  suspected  interspecific  hybrid  in  the  Texas 
population.  Values  from  this  analysis  based  on  all  19  loci  listed  in  Table  1. 


Genetic 

coefficient 

Mean  values  from  literature3 

L.  m.  purpurescens / 

L.  m.  macrochirus 

Values  from  present  study 

L.  m.  purpurescens / 

Texas  bluegill 

Rogers’  S 

0.85 

0.8226 

Rogers’  D 

0.15 

0.1774 

Nei’s  I 

0.843 

0.8514 

Nei’s  D 

0.171 

0.1609 

aRogers’  S  and  D  values  from  Avise  et  al.  (1977);  Nei’s  I  and  D  values  from  Avise  and 
Smith  (1977). 


subspecies  is  in  allozyme  frequencies  at  the  PGM  locus  (Table  2).  This 
premise  was  explored  in  more  detail  in  the  second  phase  of  this  study. 

Electrophoretic  Comparison  of  Six  Bluegill  Populations 

Allele  frequencies  from  the  Lake  Dora,  Florida,  bluegills  were  identical 
to  those  of  the  hatchery  stock  of  L.  m.  purpurescens ,  with  the  exception 
of  two  fish  from  the  hatchery  stock  exhibiting  a  heterozygous  condition 
at  the  GOT-2  locus  (Table  4).  These  fish  are  suspected  intergrades 
resulting  from  hatchery  stock  contamination.  The  two  Texas  populations 
(Lake  Conroe  and  Frio  River)  and  the  population  of  L.  m.  macrochirus 
from  southern  Illinois  were  similar  except  at  the  PGM  locus.  At  this 
locus,  both  Texas  samples  exhibited  multiple  alleles  whereas  the  L.  m. 
macrochirus  sample  was  invariant  for  PGM100.  Marked  differences  in 
allelic  distribution  also  were  noted  at  PGM  between  the  two  Texas 
bluegill  samples.  The  sample  of  bluegills  from  the  private  pond  in  Kerr 
County,  Texas,  exhibited  characteristics  of  intergrades,  with  L.  m. 

purpurescens  alleles  predominating.  Pure  L.  m.  purpurescens  and 
intergrade  genotypes  were  identified  from  the  Kerr  County  population, 
but  no  pure  Texas  bluegill  genotypes  were  found. 

The  relationships  among  the  six  bluegill  samples  are  summarized  in  the 
UPGMA  phenogram  (Fig.  1)  of  identity  coefficients  calculated  from  the 
genotypic  frequencies  of  the  three  loci  scored  for  all  samples.  This 
analysis  revealed  two  distinct  clusters,  one  including  the  L.  m. 

macrochirus  and  Texas  samples  and  the  other  including  the  L.  m. 
purpurescens  and  known  samples  of  intergrades.  The  slightly  greater 
affinity  of  the  hatchery  and  intergrade  samples  within  the  L.  m. 

purpurescens  cluster  appears  to  be  due  to  the  low  level  of  L.  m. 
macrochirus  alleles  in  each  of  these  samples.  Within  the  L.  m. 

macrochirus — Texas  bluegill  cluster,  the  samples  did  not  associate 
according  to  the  supposed  subspecific  dichotomy.  Due  to  allele  frequency 
variation  at  the  PGM  locus,  the  L.  m.  macrochirus  (southern  Illinois) 
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Table  4.  Allele  frequencies  at  three  diagnostic  loci  for  six  bluegill  populations.  Designation 
of  alleles  is  described  in  text.  DOR,  Lake  Dora,  Florida;  HAT,  hatchery  stock  originally 
from  Lake  Okeechobee,  Florida;  BRK,  private  pond,  Kerr  County,  Texas;  SOI,  pond 
in  southern  Illinois;  CON,  Lake  Conroe,  Texas;  FRR,  Frio  River,  Texas. 


Allele  frequencies  by  location 


Locus 

Allele 

DOR 

HAT 

BRK 

SOI 

CON 

FRR 

EST-3 

88 

0.000 

0.000 

0.000 

0.200 

0.026 

0.013 

100 

0.000 

0.000 

0.053 

0.800 

0.974 

0.974 

104 

0.000 

0.000 

0.105 

0.000 

0.000 

0.013 

107 

1.000 

1.000 

0.842 

0.000 

0.000 

0.000 

GOT-2 

100 

1.000 

0.950 

0.816 

0.000 

0.000 

0.000 

175 

0.000 

0.050 

0.184 

1.000 

1.000 

1.000 

PGM 

87 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

100 

1.000 

1.000 

0.895 

1.000 

0.184 

0.805 

115 

0.000 

0.000 

0.105 

0.000 

0.789 

0.192 

139 

0.000 

o.ooo 

0.000 

0.000 

0.026 

0.000 

and  Frio  River,  Texas,  samples  formed  a  closely  allied  subcluster  relative 
to  the  Lake  Conroe  sample.  Considering  the  degree  of  genic  distinction 
between  L.  m.  purpurescens  and  the  other  bluegills,  the  available  data  do 
not  support  subspecific  distinction  between  L.  m.  macrochirus  and 
bluegills  from  Texas.  Variation  at  the  PGM  locus,  however,  suggests  the 
need  for  a  more  extensive  geographic  analysis  of  allozymic  variation 
among  Texas  bluegill  populations  and  L.  m.  macrochirus.  Prior  studies 
by  Ney  and  Smith  (1976)  and  Avise  and  Felley  (1979)  point  to  the 
possibly  large  amount  of  genetic  variability  among  bluegill  populations 
within  a  common  drainage  basin,  and  certainly  between  drainages.  Thus, 
caution  should  be  exercised  when  interpreting  results  from  a  single 
reservoir  population  in  a  given  drainage.  Multiple  samples  from  a 
drainage  would  be  desirable. 

Accurate  means  for  evaluating  and  maintaining  purity  of  hatchery 
stock  and  assessing  the  progress  of  stocking  programs  are  tantamount  to 
modern  programs  of  fish  culture  and  management.  Determining  these 
factors  is  particularly  problematic  when  evaluations  are  dependent  on 
morphological  characteristics  of  stocks  equivalent  to  natural  subspecies 
(Philipp  et  al.,  1983).  Because  of  the  discrete  nature  of  allozymic 
variation,  the  value  of  protein  electrophoresis  in  culture  and  management 
programs  has  become  increasingly  evident.  The  data  presented  here 
indicate  that  samples  of  L.  m.  macrochirus  and  Texas  bluegills  are 
equally  distinct  from  populations  of  L.  m.  purpurescens  and  that  at  least 
three  loci  are  of  value  in  the  evaluation  of  management  programs 
involving  L.  m.  purpurescens  and  Texas  bluegills.  In  the  case  of  a  known 
sample  of  intergrades,  evaluation  of  these  loci  clearly  indicated  the 
temporal  predominance  of  the  introduced  L.  m.  purpurescens ,  and  for  a 
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SOI 

FRR 

CON 

DOR 

HAT 

BRK 
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0.30  0.40  0.50  0.60  0.70  0.80  0.90  1.00 

Figure  1.  Unweighted  pair-group  arithmetic  average  (UPGMA)  cluster  analysis  of  Nei’s 
(1978)  unbiased  genetic  identity  coefficients  for  the  three  loci  scored  for  all  six  bluegill 
populations  examined.  DOR  =  Lake  Dora,  Florida;  HAT  =  hatchery  stock  originally 
from  Lake  Okeechobee,  Florida;  BRK  =  private  pond,  Kerr  County,  Texas;  SOI  =  pond 
in  southern  Illinois;  CON  =  Lake  Conroe,  Texas;  FRR  =  Frio  River,  Texas.  Cophenetic 
correlation  =  0.952. 

hatchery  stock  of  L.  m.  purpurescens  suspected  stock  contamination  was 
detected.  A  more  comprehensive  electrophoretic  survey  of  Texas  bluegill 
populations  should  further  enhance  our  discriminating  capabilities,  as 
well  as  resolve  the  uncertain  taxonomic  status  of  the  Texas  populations. 
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Abstract. — We  successfully  used  stem  cuttings  to  propagate  two  native  shrubs,  brush 
holly  ( Xylosma  flexuosa)  and  devil’s  claw  ( Pisonia  aculeata),  which  are  rare  in  the  Rio 
Grande  floodplain  of  southern  Texas.  Roots  grew  on  100  percent  of  the  cuttings  that  did 
not  receive  root-promoting  substances.  Rooting  success  decreased  when  synthetic  root- 
promoting  substances  or  a  nutrient  solution  was  used.  Key  words :  asexual  propagation; 
native  shrubs. 

The  use  of  native  plants  in  land  revegetation  projects  in  southern  Texas 
has  created  a  demand  for  container-grown  plants.  The  more  commonly 
used  species  are  propagated  by  seed,  which  is  usually  available.  Many 
species,  however,  produce  seed  in  small  amounts  or  at  irregular  intervals, 
and  asexual  propagation  methods  need  to  be  developed. 

Asexual  propagation  by  stem  cuttings  commonly  is  used  to  propagate 
plants  that  are  difficult  to  grow  from  seed,  and  useable  plants  can  be 
obtained  in  a  shorter  period  of  time  (Hartmann  and  Kester,  1983).  Native 
shrubs  of  the  western  United  States  have  been  propagated  successfully  by 
stem  cuttings  for  use  in  land  reclamation  projects  or  to  produce 
genetically  identical  individuals  for  use  in  autecological  studies  (Chase 
and  Strain,  1966;  Wieland  et  al.,  1971;  Ellern,  1972;  Wiesner  and 
Johnson,  1977;  Everett  et  al.,  1978;  Richardson  et  ah,  1979). 

We  evaluated  the  rooting  potential  of  brush  holly  ( Xylosma  flexuosa 
[H.B.K.]  O.  Ktze.)  and  devil’s  claw  ( Pisonia  aculeata  L.).  These  species 
are  infrequent  to  rare  in  woodlands  and  thickets  in  the  floodplain  of  the 
Rio  Grande  in  extreme  southern  Texas  (Correll  and  Johnston,  1970).  The 
distribution  and  abundance  of  each  has  been  reduced  considerably  by 
massive  clearing  of  native  vegetation  in  the  Rio  Grande  Valley. 

Methods  and  Materials 

Stem  cuttings  of  brush  holly  ( Xylosma  flexuosa )  and  devil’s  claw  ( Pisonia  aculeata )  were 
collected  on  15  March  1985  from  natural  populations  in  a  wooded  area  on  the  banks  of 
the  Resaca  de  la  Palma,  about  two  kilometers  east  of  Brownsville,  Cameron  Co.,  Texas. 
One  hundred  and  fourteen  brush  holly  and  92  devil’s  claw  cuttings  were  collected.  No  more 
than  eight  to  10  cuttings  were  taken  from  one  plant.  The  cuttings  were  placed  in  plastic 
bags  immediately  after  they  were  collected,  and  transported  in  a  styrofoam  box  to  a 
greenhouse  at  Santa  Ana  National  Wildlife  Refuge. 

Treatments  using  Rootone-F,  a  commercial  product  containing  a  fungicide  and  four 
synthetic  root-promoting  substances,  were  replicated  three  times  with  brush  holly  and  twice 
with  devil’s  claw.  Each  replication  consisted  of  20  cuttings.  Two  additional  replications  for 
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each  species  were  treated  with  Rootone-F  and  a  dilute  solution  containing  sucrose,  citric 
acid,  phosphoric  acid,  ammonium  sulfate,  and  traces  of  boric  acid  and  the  sulfate  salts  of 
Fe,  Mn,  Mg,  Cu,  and  Mo.  The  remaining  14  cuttings  of  brush  holly  and  12  cuttings  of 
devil’s  claw  served  as  controls.  Cuttings  were  selected  randomly  for  each  treatment  (not 
biased  on  diameter). 

The  cuttings  were  placed  on  a  mist  bench  under  70  per  cent  shade.  The  rooting  medium 
was  a  one-to-one  mixture  of  coarse  perlite  and  a  commercial  soil-less  mix  (Fison’s  Sunshine 
Mix  no.  3).  A  mist  system  controlled  by  evaporative  demand  was  used  to  keep  the  cuttings 
moist.  Although  the  mist  system  periodically  malfunctioned,  humidity  in  the  greenhouse 
remained  relatively  high  throughout  the  trial  period.  Sodium  and  calcium  concentrations 
in  a  sample  of  the  water  supply  were  281  and  97  parts  per  million,  respectively.  Total  salts 
were  estimated  to  be  1289  parts  per  million.  Rooting  success  was  evaluated  after  the 
cuttings  had  been  on  the  mist  bench  for  10  weeks. 

Reference  herein  to  commercial  products  does  not  imply  endorsement  by  the  federal 
government. 


Results 

Roots  formed  on  69  (61  percent)  of  the  114  cuttings  of  brush  holly  and 
on  76  (83  percent)  of  the  92  cuttings  of  devil’s  claw.  All  untreated 
cuttings  produced  roots  (Table  1).  Rooting  success  decreased  when  root 
promoting  substances  were  applied  to  cuttings;  the  percentage  of  rooted 
cuttings  in  each  replication  varied  considerably  (25  to  80  percent  for 
those  treated  with  Rootone,  and  35  to  80  percent  for  those  treated  with 
Rootone  plus  nutrients). 

All  of  the  cuttings  of  brush  holly  that  produced  numerous,  vigorous 
roots  were  between  1.5  and  5.0  millimeters  in  diameter.  Thicker  and 
thinner  cuttings  either  failed  to  root,  or  produced  fewer,  smaller  roots. 
Devil’s  claw  cuttings  between  2.0  and  6.0  millimeters  in  diameter 
produced  better  root  systems  than  those  with  smaller  or  larger  diameters. 
Cuttings  of  all  lengths  of  both  species  seemed  to  root  equally  well.  No 
differences  in  rooting  success  were  noted  between  terminal  and 
subterminal  cuttings. 


Discussion 

Brush  holly  and  devil’s  claw  can  be  easily  propagated  by  stem  cuttings 
and  no  root-promoting  substances  need  to  be  applied  to  cuttings  of  either 
species.  Although  sample  size  was  small,  the  results  showed  decreased 
rooting  success  when  synthetic  root-promoting  substances  or  a  nutrient 
solution  was  used,  which  suggests  that  one  or  more  of  the  substances 
applied  to  the  cuttings  may  have  had  an  inhibitory  effect  on  root 
formation. 

Brush  holy  is  dioecious,  but  the  sex  of  the  parent  plants  was  not  noted. 
Thus,  no  comparisons  were  made  relating  rooting  success  with  the  sex 
of  the  parent  plants. 

Because  seeds  of  both  species  are  not  easily  obtainable,  use  of  stem 
cuttings  is  a  feasible  method  for  propagating  brush  holly  and  devil’s  claw. 
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Table  1.  Percentages  of  rooted  cuttings  for  brush  holly  ( Xylosma  flexuosa )  and  devil’s  claw 
( Pisonia  aculeatd)  treated  with  root-promoting  substances. 


Species 

Replicate 

Treatment 

Rootone 

Rootone  plus 
nutrients 

No  treatment 
(control) 

Brush  holly 

1 

25.0 

35.0 

100.0 

2 

55.0 

80.0 

3 

80.0 

Mean 

53.3 

57.5 

100.0 

Devil’s  claw 

1 

100.0 

55.0 

100.0 

2 

85.0 

80.0 

Mean 

92.5 

67.5 

100.0 
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Abstract. — In  this  paper,  we  demonstrate  certain  inconsistencies  in  results  that  may  arise 
when  using  either  the  method  of  Nei  and  Chesser  (1983)  or  Weir  and  Cockerham  (1984) 
for  the  analysis  of  genetic  differentiation  among  populations.  Both  methods  may,  under 
certain  conditions,  produce  undefined,  negative  values  for  Fst  (or  0).  A  correction  for  the 
method  of  Nei  and  Chesser  (1983)  is  proposed  to  eliminate  the  negative  results. 
Additionally,  four  methods  of  analyzing  genetic  differentiation  among  populations  are 
compared  to  determine  the  accuracy  of  these  estimates  when  compared  to  the  known 
amount  of  differentiation  among  populations.  It  was  determined  that  none  of  the  methods 
consistently  produced  estimates  that  were  close  to  the  “true”  amount  of  differentiation.  It 
appears  that  sampling  error  may  have  a  considerable  effect  on  the  estimate  of  genetic 
differentiation.  Key  words :  genetics;  statistical  analysis;  allele  frequency;  genetic 
differentiation;  F-statistics;  fixation  indices. 


In  the  study  of  population  genetics,  one  commonly  used  method  of 
analyzing  genetic  differentiation  of  populations  is  Wright’s  (1941,  1951, 
1978)  fixation  indices  (Fis,  Fit,  Fst).  The  Fis  estimates  the  relative 
amount  of  gene  diversity  of  individuals  within  subpopulations,  and  Fit 
measures  the  gene  diversity  of  individuals  relative  to  the  total  array  of 
populations;  both  indices  result  in  values  ranging  from  —1.0  to  +1.0.  The 
Fst  measures  the  amount  of  gene  diversity  among  subpopulations  relative 
to  a  hypothetical  group  of  subpopulations.  Values  of  Fst  range  from  zero 
to  one. 

In  recent  years,  many  authors  have  attempted  to  reformulate  Wright’s 
(1951,  1965,  1978)  F-statistics.  Nei  (1977)  redefined  these  indices  in  terms 
of  observed  and  expected  heterozygosities,  thereby  simplifying 
computation  and  permitting  the  inclusion  of  multiple  alleles  at  a  locus. 
Nei’s  (1977)  formulae,  however,  were  based  on  population  allele 
frequencies,  and  he  did  not  demonstrate  methods  of  estimation  of  these 
quantities  from  small  sample  sizes.  Nei  and  Chesser  (1983)  and  Weir  and 
Cockerham  (1984)  presented  methods  for  calculating  the  F-statistics 
utilizing  corrections  for  small  sample  sizes.  Such  correction  formulae 
were  necessary  as  heterozygosity  is  typically  underestimated  in  small 
samples  (Levene,  1949).  However,  under  certain  conditions,  both  methods 
produce  negative,  undefined  estimates  of  the  amount  of  genetic 
differentiation. 

The  purpose  of  this  paper  is  to  demonstrate  inconsistencies  in  results 
that  can  arise  when  using  either  the  method  of  Nei  and  Chesser  (1983) 
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or  Weir  and  Cockerham  (1984)  for  the  analysis  of  genetic  differentiation 
among  populations.  We  propose  a  correction  that  eliminates  the 
possibility  of  obtaining  undefined  results  when  using  the  Nei  and  Chesser 
(1983)  formulae  for  calculating  Fst.  Additionally,  we  define  some 
conditions  in  which  the  method  of  Weir  and  Cockerham  (1984)  results 
in  negative  6  values.  To  avoid  confusion,  the  formula  notations  used  are 
consistent  with  those  of  cited  publications. 

Nei  and  Chesser  (1983) 

Nei’s  (1977)  method  for  calculation  of  the  Fst  for  a  locus  is: 


•n 

GO 

H 

II 

1 

(Hs/Ht), 

(1) 

where 

Hs  =  1  - 

r 

X 

k=l 

s 

2  wTk 
i=l 

(2) 
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Ht  —  1 

r 

X 

s 

(2  WjPjk)2. 

(3) 

k=l  i=l 

Here  P,k  is  the  frequency  of  the  kth  allele  in  the  ith  subpopulation,  r  is 
the  number  of  alleles  segregating  at  the  locus,  Wj  is  the  relative  size  of 
the  ith  subpopulation  with  SiWi  =  1,  and  s  is  the  number  of 

subpopulations  sampled.  By  definition  Ht  >  Hs  and  a  negative  result  is 
not  possible.  Nei  and  Chesser  (1983)  extended  these  equations  to  obtain 
an  unbiased  estimate  of  Hs  as: 


1  -  E(2k  Xt)  =  3_  [2i  Hsi  (1  -  1/nO  +  H 
s 

oi/(2n0]  , 

(4) 

=  Hs(l  -  l/n)  +  Ho/2n, 

(5) 

Hs=  fi  fl  -  2k  Xk  -ftol 
n-1  L  2nJ 

1’ 

(6) 

where  n  is  the  harmonic  mean  of  population  sizes;  Xk  is  the 
squared  frequency  of  the  kth  allele  and 

mean 

Ho  =  1  —  2?  2k  Xikk/s, 

(7) 

where  s  is  the  number  of  populations  sampled  and  Xjkk  denotes  the 
frequency  of  homozygotes  for  the  kth  allele  in  population  i.  Hs  corrects 
for  lower  levels  of  heterozygosity  within  each  population  and  then 
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calculates  an  average  correction  factor  that  is  used  in  the  estimation  of 
Fst.  Similarly,  an  unbiased  estimate  of  Ht  may  be  obtained  by 

1  -  E(2t  Xk)  =  Ht  — Hs/(hs)  +  Ho/(2ns),  (8) 

HT  =  1  —  Sk  Xk  +  Hs/ (ns)  —  H0/(2ns),  (9) 

where  Xk  is  the  mean  frequency  squared  of  the  kth  allele.  This  formula 
pools  all  populations  together  and  then  calculates  a  correction  for  the 
low  levels  of  heterozygosity  from  this  pooled  population.  The  Fst  now 
can  be  calculated  as: 


Fst  ~  1  -(Hs/  Ht).  (10) 

When  Fst  is  calculated  using  these  formulae  and  if  data  are  characterized 
by  small  sample  sizes  and  small  allele  frequency  differences  among 
populations,  negative  Fst  values  may  result  due  to  an  apparent  “under- 
correction”  of  Ht  with  respect  to  Hs  (Hs  >  Ht  leads  to  negative  Fst 
values).  This  “under-correction”  of  Hr  occurs  for  the  following  reasons. 
Equation  9  pools  data  for  all  populations  to  calculate  the  correction 
value  of  the  total  gene  diversity.  This  assumes  that  the  sampling  error  for 
estimating  the  total  gene  diversity  is  based  upon  the  overall  sample  size 
and  not  on  the  cumulative  effects  of  sampling  error  within  each 
population.  Hence,  when  numerous  small  subpopulations  are  examined, 
the  correction  for  HT  may  be  much  smaller  than  that  for  Hs  due  to  the 
assumption  that  the  correction  for  sampling  error  in  estimating  total  gene 
diversity  is  based  upon  the  overall  sample  size.  Therefore,  by  correcting 
for  total  gene  diversity  in  this  fashion,  in  some  instances,  the  resultant 
Hs  is  larger  than  H  r  and  a  negative  Fst  is  produced. 

Careful  study  of  the  method  of  calculating  Fst  indicates  that  a 
modification  in  the  calculation  of  Hr  (Nei  and  Chesser,  1983:256, 
equation  10)  will  eliminate  the  possibility  of  obtaining  erroneous  results. 
The  correction  for  sampling  errors  within  the  individual  subpopulations 
should  have  a  cumulative  effect  on  the  estimation  of  total  gene  diversity 
(Ht).  This  correction  can  be  achieved  by  removing  s  from  both  terms  in 
Nei  and  Chesser’s  (1983:256,  equation  10)  formula  for  Ht.  When  this  is 
done,  the  new  formula  for  H  r  is: 

H  r  —  1  Xk  Xk  +  Hs/ n  —  Ho/ 2n.  (11) 

This  formula  does  not  pool  all  samples  to  calculate  Ht  as  did  the  method 
of  Nei  and  Chesser  (1983).  Instead,  it  considers  the  sampling  error  within 
each  subpopulation  to  have  a  cumulative  effect  and,  therefore,  sums  the 
corrected  values  of  each  individual  population  (Hs)  and  then  calculates 
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a  corrected  value  for  the  underestimated  total  heterozygosity.  It  was 
found  that  when  sample  sizes  are  equal  and  Nei  and  Chesser’s  (1983) 
formula  for  calculating  Fst  was  used  AHs  =  sAHt.  When  Fst  is 
recalculated  with  the  proposed  change  we  find  that  AHs  =  AHT,  thereby 
removing  the  effect  that  the  number  of  populations  sampled  has  on  the 
correction  for  Hj. 

Corrected  values  of  Fst  will  converge  on  the  uncorrected  values  of  Fst 
(Nei,  1977;  Wright,  1951,  1965,  1978)  as  the  sample  sizes  of  populations 
increase.  For  example,  with  10  populations,  each  with  a  sample  size  of 
five,  with  half  of  the  populations  having  an  allele  frequency  of  0.25  and 
the  other  half  0.15,  an  uncorrected  Fst  (Nei,  1977)  of  0.0156  is  obtained. 
When  the  same  situation  is  analyzed  using  sample  sizes  of  50,  the 
uncorrected  Fst  will  be  unchanged.  With  this  same  situation,  Nei  and 
Chesser’s  (1983)  method  will  give  Fst  values  of  —0.0393  and  0.00657, 
respectively.  When  Nei  and  Chesser’s  Fst  is  recalculated  using  our 
formula  1 1  to  modity  Ht,  the  Fst  values  obtained  for  sample  sizes  of  five 
and  50,  are  0.0139  and  0.0155,  respectively.  Nei  and  Chesser’s  (1983)  Fst 
does  not  coverage  as  closely  to  the  “true”  Fst  value  as  does  the  method 
with  the  proposed  change. 

Weir  and  Cockerham  (1984) 

Weir  and  Cockerham’s  (1984:1359)  formula  for  calculating  0  (0  =  Fst 
given  different  assumptions  of  derivations)  in  situations  with  equal 
sample  sizes  (n  =  n)  the  calculation  of  0  (Weir  and  Cockerham, 
1984: 1361)  becomes: 

s2  -  — 1 —  [  p  (1  —  p  —  r  ~  1  s2  —  ]/4h  ] 

e  = - pi - - i  02) 

p(l  |  p)  +  s  /r 

where  s2  is  the  sample  variance  of  allele  A  frequencies  over  the 
populations,  r  is  the  number  of  populations  sampled,  and  h  is  the  average 
heterozygote  frequency  for  allele  A.  Under  these  conditions,  Weir  and 
Cockerham’s  0  results  in  a  negative  value  whenever  the  following  is  true: 

s2<( — ! —  )  [  p(l— p—  r  ~  1  s2  —  %ti  ] 

n  —  1  r  .  (13) 

To  compare  the  different  methods  of  calculating  genetic  differentiation 
among  populations  a  simple  simulation  model  was  used.  A  single  locus 
with  two  alleles  was  produced  in  two  large,  hypothetical  populations  of 
500  individuals  each.  The  “true”  amount  of  genetic  differentiation 
between  these  populations  (Fst  or  6)  was  calculated  from  initial  allele 
frequencies.  Genotypes  for  individuals  were  arbitrarily  assigned  and  each 
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population  was  in  Hardy- Weinberg  equilibrium.  To  determine  the  effect 
of  sample  size  on  these  methods  the  following  jackknife  procedure  was 
utilized.  From  each  population  a  random  sample  of  (N  =  5,  10,  15,  20, 
50)  individuals  was  drawn  and  the  differentiation  between  the  two 
samples  was  calculated  using  the  various  techniques.  This  procedure  was 
replicated  500  times  and  the  mean  and  variance  of  differentiation  values 
were  calculated.  The  number  of  populations  sampled  was  not  varied 
because  our  previous  simulations  indicated  that  none  of  the  methods 
were  affected  by  this  parameter. 

Results  of  the  simulation  are  presented  in  Table  1.  These  simulations 
indicated  that  only  the  method  of  Weir  and  Cockerham  (1984)  produced 
undefined  mean  values.  The  possibility  of  obtaining  negative  mean  6 
values  was  greater  when  sample  sizes  were  small.  Although  the  method 
of  Nei  and  Chesser  (1983)  did  not  produce  any  negative  mean  Fst  values, 
individual  values  for  Fst  could  be  negative  if  data  were  characterized  by 
small  sample  size  with  little  difference  in  allele  frequencies.  Neither  the 
method  of  Nei  (1977)  nor  that  of  the  proposed  modification  of  Nei  and 
Chesser  (1983)  produced  negative  values;  thus,  these  methods  alleviate  the 
problem  that  arises  when  using  either  the  method  of  Nei  and  Chesser 
(1983)  or  Weir  and  Cockerham  (1984).  Additionally,  as  the  sample  size 
increased,  the  values  obtained  for  the  mean  Fst  when  using  the  proposed 
correction  converge  more  closely  to  the  values  obtained  by  Nei’s  (1977) 
method  than  does  the  method  of  Nei  and  Chesser  (1983). 

It  should  be  remembered  that  the  methods  of  Nei  and  Chesser  (1983) 
and  Weir  and  Cockerham  (1984)  are  unbiased  estimates  for  small  sample 
sizes  and,  therefore,  would  be  expected  to  produce  negative  values. 
However,  such  undefined  values  have  created  considerable  confusion  for 
investigators  examining  genetic  differentiation  (for  example,  Avise  and 
Felley,  1979).  Although  negative  values  were  obtained  during  these 
simulations,  at  no  time  were  they  found  to  be  significantly  different  than 
zero.  From  Table  1  it  can  be  seen  that  none  of  the  methods  result  in 
values  that  are  consistent  with  the  “true”  amount  of  genetic 
differentiation  between  populations.  Thus,  the  functional  utility  of  a 
correction  for  small  sample  size  for  calculation  of  the  F-statistics  is 
questionable.  However,  if  a  correction  for  small  sample  sizes  is  desired, 
the  method  of  Nei  and  Chesser  (1983)  with  the  proposed  correction 
would  appear  to  be  the  best,  because  this  method  will  not  produce 
negative  Fst  values.  Additionally,  the  estimates  produced  by  this  method 
converged  more  closely  to  the  values  of  Nei’s  (1977)  method  than  did 
either  the  method  of  Nei  and  Chesser  (1983)  or  Weir  and  Cockerham 
(1984).  Thus  it  is  clear  that  sampling  may  have  considerable  effect  on 
estimates  of  genetic  differentiation.  Our  results  not  only  demonstrate  the 
variation  among  the  different  techniques,  but  also  the  errors  due  to 
population  sampling. 
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Table  1.  Representative  results  of  simulation  model  comparing  the  Fst  values  obtained  by 
the  methods  of  Weir  and  Cockerham  (1984),  Nei  (1977),  Nei  and  Chesser  (1983)  and 
the  method  of  Nei  and  Chesser  with  the  proposed  correction.  The  variance  for  each 
Fst  (X  100)  is  given  in  the  parentheses.  True  Fst  between  the  two  hypothetical  populations 
are  given  in  the  far  left  column. 


Weir  and 

Nei  and 

Nei  and 

Cockerham 

Nei 

Chesser 

Chesser 

(1984) 

(1977) 

(1983) 

modified 

N  =  5 

Fst 


.01 

-.046 

(.86) 

.060 

(.75) 

.009 

(.81) 

.055 

(.66) 

.025 

-.052 

(.84) 

.059 

(.68) 

.005 

(.73) 

.054 

(.59) 

.05 

-.005 

(1.32) 

.106 

(1.13) 

.052 

(1.22) 

.098 

(.98) 

.10 

.020 

(1.80) 

.133 

(1.74) 

.079 

(1.87) 

.123 

(1.54) 

.12 

.076 

(1.88) 

.177 

(1.88) 

.130 

(2.07) 

.165 

(1.72) 

.15 

.083 

(1.92) 

.189 

(2.03) 

.140 

(2.18) 

.176 

(1.84) 

N  =  10 

Fst 

.01 

-.01 1 

(.25) 

.039 

(.23) 

.014 

(.24) 

.037 

(-22) 

.025 

-.020 

(.18) 

.032 

(.17) 

.007 

(.17) 

.031 

(.15) 

.05 

.021 

(.44) 

.076 

(-46) 

.049 

(.47) 

.072 

(.42) 

.10 

.054 

(.77) 

.111 

(.88) 

.085 

(.90) 

.107 

(.82) 

.12 

.115 

(.76) 

.170 

(.90) 

.146 

(.94) 

.164 

(.85) 

.15 

.111 

(.91) 

.168 

(Lll) 

.144 

(1.14) 

.162 

(1.05) 

N  =  15 

Fst 

.01 

.000 

(.15) 

.033 

(.15) 

.017 

(.16) 

.032 

(.14) 

.025 

-.010 

(.11) 

.025 

(.11) 

.007 

(-11) 

.024 

(.10) 

.05 

.036 

(.32) 

.072 

(.36) 

.054 

(-35) 

.070 

(-33) 

.10 

.060 

(.51) 

.099 

(.60) 

.081 

(.61) 

.096 

(.57) 

.12 

.117 

(.49) 

.156 

(.61) 

.141 

(.62) 

.152 

(.59) 

.15 

.118 

(.57) 

.159 

(.74) 

.143 

(.75) 

.155 

(.71) 

N  =  20 

Fst 

.01 

.003 

(.10) 

.027 

(.10) 

.015 

(.10) 

.026 

(.10) 

.025 

-.004 

(.08) 

.022 

(-09) 

.009 

(.09) 

.021 

(.08) 

.05 

.044 

(.24) 

.071 

(.26) 

.058 

(.27) 

.070 

(.25) 

.10 

.068 

(.34) 

.098 

(-39) 

.085 

(.39) 

.096 

(.37) 

.12 

.121 

(.43) 

.153 

(.55) 

.141 

(.55) 

.150 

(.53) 

.15 

.121 

(.40) 

.154 

(.52) 

.142 

(.52) 

.150 

(.50) 

N  =  50 

Fst 

.01 

.009 

(.03) 

.019 

(.03) 

.014 

(-03) 

.019 

(.03) 

.025 

.004 

(.02) 

.014 

(.02) 

.009 

(.02) 

.014 

(.02) 

.05 

.048 

(.09) 

.060 

(.10) 

.055 

(.10) 

.059 

(.10) 

.10 

.075 

(.15) 

.089 

(.18) 

.084 

(.18) 

.088 

(.18) 

.12 

.133 

(.14) 

.152 

(.19) 

.148 

(.19) 

.151 

(.19) 

.15 

.132 

(.16) 

.151 

(.21) 

.146 

(.22) 

.150 

(.21) 
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This  paper  has  demonstrated  that  the  methods  of  Nei  and  Chesser 
(1983)  and  Weir  and  Cockerham  (1984)  will  under  certain  circumstances, 
produce  negative  results  for  Fst  and  6,  respectively.  However,  the 
problems  associated  with  the  method  of  Nei  and  Chesser  (1983)  can  be 
alleviated  if  the  correction  of  formula  11  (Nei  and  Chesser,  1983:256, 
formula  10)  is  made  as  this  paper  proposes.  Given  the  unpredictability 
of  the  various  methods,  investigators  may  wish  to  use  either  the 
technique  of  Nei  (1977)  or  the  proposed  modification  of  Nei  and  Chesser 
(1983).  These  methods  produce  values  which  are  similar  to  other 
techniques  yet  avoid  the  potential  confusion  of  undefined  values. 
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Abstract. — The  northern  limits  of  distribution  of  the  western  hog-nosed  skunk 
( Conepatus  mesoleucus  mearnsi)  in  Texas  are  poorly  known.  Records  enumerated  herein 
help  to  clarify  the  geographic  range  of  this  species  in  the  state.  Key  words:  Conepatus ; 
distribution;  Texas. 

The  western  hog-nosed  skunk  ( Conepatus  mesoleucus  mearnsi 
Merriam,  1902)  long  has  been  recognized  as  a  member  of  the  mammalian 
fauna  of  southwestern  and  south-central  Texas,  but  the  northern  limits 
of  its  distribution  in  the  state  are  poorly  known.  Recently,  Schmidly 
(1983)  verified  the  presence  of  this  skunk  in  Collin  County  of  north- 
central  Texas.  We  here  provide  information  on  the  geographic  range  of 
the  species  to  the  west  of  that  area. 

Davis  (1974)  mapped  C.  mesoleucus  as  occurring  throughout  the 
Trans-Pecos  region,  with  the  northern  edge  of  the  range  extending 
eastward  through  Mason  County  (see  Fig.  1).  Later,  on  the  basis  of 
additional  data,  Schmidly  (1984)  extended  the  known  range  slightly 
northward  in  the  west,  and  then  abruptly  to  the  north  to  account  for  the 
specimen  he  examined  from  Collin  County  (Fig.  1).  As  an  aside,  Davis 
represented  the  range  of  C.  m.  telmalestes  of  the  Big  Thicket  and 
adjacent  areas  in  eastern  Texas  as  continuous  with  that  of  C.  m.  mearnsi , 
whereas  Schmidly  (1983,  1984)  mapped  the  two  as  geographically 

isolated.  In  any  event,  both  mammalogists  evidently  overlooked  a 
publication  by  Packard  and  Garner  (1964)  in  which  several  important 
western  records  of  Conepatus  appeared. 

Packard  and  Garner  reported  a  male  C.  mesoleucus  (TTU  47)  that  was 
found  dead  along  Texas  Highway  158  at  a  place  17  mi.  W[NW] 
Ballinger,  in  Coke  County  (they  also  mentioned  a  specimen  to  the 
southwest  from  Tom  Green  County — not  marginal  and  thus  not 
mapped).  Futhermore,  they  reported  sight  records  of  hog-nosed  skunks 
from  1 1  mi.  SW  Lubbock,  Lubbock  County,  and  22  mi.  SW  Gale, 
Borden  County. 

In  addition  to  these  records,  we  have  examined  an  adult  female  C.  m. 
mearnsi  (TTU  34775)  from  2  mi.  SE  Wingate,  Runnels  County,  and  a 
skull  of  unknown  sex  (TTU  11974,  probably  a  male)  obtained  at  the 
northern  city  limit  of  Lamesa,  Dawson  County.  We  also  have  verified 
sight  records  of  C.  mesoleucus  from  10  mi.  S  Paint  Rock,  Concho 
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Figure  E  Map  showing  approximate  distribution  of  Conepatus  mesoleucus  in  Texas. 
Lower  line  indicates  range  as  mapped  by  Davis  (1974);  middle  line  represents 
distribution  as  indicated  by  Schmidly  (1984);  upper  line  relates  to  probable  limits  of 
distribution  in  the  western  part  of  the  state  as  discussed  herein.  Solid  circles  are 
indicative  of  specimens  and  half-solid  circles  of  sight  records,  as  discussed  in  text. 


County,  and  5  mi.  S  Sweetwater,  Nolan  County.  Furthermore,  there  is 
a  specimen  (MSU  12641,  skull  only,  probably  a  male)  in  the  collection 
of  Midwestern  State  University  from  5  mi.  N  Brownwood,  Brown 
County.  These  specimens  and  records  and  those  reported  by  Packard  and 
Garner  are  plotted  on  Figure  1. 

Hog-nosed  skunks,  unlike  others,  tend  to  avoid  immediate  areas  of 
human  habitation,  and  to  occur  in  rough,  rocky  habitats.  They  thus  are 
less  likely  to  be  collected  than  their  more  ubiquitous  counterparts, 
perhaps  accounting  for  the  relative  paucity  of  specimens  in  museum 
collections.  Packard  and  Garner  (1964)  opined  that  these  skunks  .  . 
may  occur  sparsely  in  the  southern  half  of  the  Llano  Estacado 
particularly  where  they  may  gain  access  to  the  caprock  through  the 
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extended  erroded  cedar-break  canyons  on  the  southeastern  edge  of  the 
Llano.” 
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MUSINGS  ABOUT  SOME  OF  THE  TECTONICS  OF  THE 
SOUTHWESTERN  UNITED  STATES  AND  NORTHERN  MEXICO 

Grover  E.  Murray 

The  Museum ,  Texas  Tech  University ,  Lubbock ,  Texas  79409 


Abstract. — The  existence  of  a  fundamental,  crustal  fracture  zone  (geodiscontinuity)  and 
geosuture,  herein  referred  to  as  the  California-Tamaulipas  geodiscontinuity/ geosuture, 
hundreds  of  kilometers  wide  from  the  modern  California-Nevada  region  to  the  modern  Gulf 
of  Mexico,  can  be  deduced  from  geologic  data  of  sundry  kinds.  Lineal  zones  of  weakness 
in  the  region  infer  that  the  collision  of  South  America  and  North  America  in  the  late 
Paleozoic  not  only  rejuvenated  zones  of  weakness  created  earlier  in  the  Precambrian  but 
initiated  new  ones.  These  have  persisted  to  the  present  and  intermittent  movements  of 
various  kinds  have  occurred  through  time.  Details  of  this  fundamental  fracture  zone 
(geodiscontinuity)  and  geosuture  are  yet  to  be  developed.  Key  words :  southwestern  United 
States;  northern  Mexico;  geodiscontinuity;  California-Tamaulipas  geosuture. 

The  principal  suggestions  of  this  paper  are  (1)  that  a  major  tectonic 
zone  (a  geosuture  or  geosutured  borderland)  began  with  rifting  and 
collision  of  the  southern  and  southwestern  margins  of  the  North 
American  continent  in  the  late  Precambrian,  thereby  establishing  a  basic, 
fundamental,  and  persistent  zone  of  crustal  weakness  (a  geodiscontinuity) 
across  the  region  from  California  to  Tamaulipas  and  possibly  across  the 
Gulf  of  Mexico  (see  Figs.  2-5);  (2)  the  southwestern  margin  of  the  late 
Precambrian  craton  was  shaped  or  re-shaped  and  the  configuration  of 
this  portion  of  the  early  Paleozoic  continent  was  established;  (3) 
subsidence  and  deposition  resulted  in  a  relatively  stable  continental 
margin  during  much  of  the  Paleozoic;  (4)  collision  of  South  America  and 
North  America  in  the  Paleozoic  was  of  great  magnitude — it  rejuvenated 
some  of  the  late  Precambrian  zones  of  weakness,  generated  new  ones  (see 
Figs.  2-5),  effected  many  of  the  negative  and  positive  structures  of  the 
region,  and  created  the  Marathon-Ouachita  geosuture  from  the  area  of 
the  Rio  Grande  to  the  vicinity  of  the  Mississippi-Alabama  state  line;  (5) 
rifting  and  subsidence  in  the  early  Mesozoic  resulted  in  (a)  deposition  of 
widespread  red-bed  and  salt  deposits  in  the  rifts  and  (b)  probable 
establishment  of  the  general  course  of  the  Rio  Grande  southeast  of  the 
present-day  region  of  El  Paso;  (6)  these  events  were  in  turn  succeeded  by 
widespread  Jurassic  and  Cretaceous  predominantly  carbonate  deposition; 
(7)  subsequently  the  “Laramide”  disturbances  and  withdrawal  of  the  late 
Mesozoic  seas  took  place;  and  (8)  continued  rejuvenation  of  the 
Precambrian/ late  Paleozoic-early  Mesozoic  zones  of  weakness  occurred 
during  the  Cenozoic  as  transform  faulting  and  drifting  (separation) 
affected  western  North  America.  As  a  consequence,  imprints  of  many 
lineal  trends  are  reflected  on  modern  geologic  maps  and  make  for 
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Figure  1.  Simplified  geologic  time  scale. 


difficult  interpretation  not  only  of  the  boundaries  of  the  geosuture  but 
of  the  collage  of  geologic  blocks  and  structures  within  the  fundamental 
geofractured  zone  (geosuture). 

The  terms  geodiscontinuity  and  geosuture  occur  frequently  in  this 
paper.  1  use  geodiscontinuity  in  reference  to  the  major,  fundamental  zone 
of  weakness  in  which  faulting  and  fracturing  of  various  magnitudes  and 
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natures  have  taken  place  through  a  long  period  of  geologic  time.  I  utilize 
geosuture  for  the  welded  or  sutured  zone  which  exists  as  a  result. 

I  make  no  pretense  that  my  comments  carry  the  annointment  of 
authenticity.  This  paper  attempts  to  synthesize  a  vast  amount  of 
accumulated  and  accumulating  data  in  a  large  array  of  publications.  It 
attempts  to  make  a  “forest  of  the  trees.”  Any  other  geologist  might  very 
well  interpret  the  data  differently  and  I  am  certain  many  of  my  colleagues 
will  disagree  with  many — perhaps  all — of  my  conclusions.  Be  that  as  it 
may,  hopefully  the  results  will  stimulate  others — versed  and  unversed 
with  this  vast,  complicated,  and  immensely  fascinating  geologic  regions — 
to  have  a  try  at  seeing  the  forest  in  spite  of  the  variety  of  trees. 

I  am  obligated  to  point  out  that  various  geological  assumptions,  as 
well  as  principles,  were  used  in  reaching  the  current  status  of  this  paper, 
the  results  of  which  I  would  consider  preliminarily  generalized.  My 
approach  to  selecting — and  placing  lineal  trends  on  maps — has  been 
strongly  influenced  by  the  belief  that  modern  structural  patterns  and 
geometries  have  been  strongly  influenced  by  older,  usually  underlying, 
rocks,  a  personal  belief  inherited  from  those  who  were  much  more 
masterful  and  knowledgeable  regarding  large  scale  earthly  deformations 
than  I,  for  example,  Robert  Balk,  Walter  Bucher,  Ernest  Cloos,  Hans 
Cloos,  P.  J.  Coney,  John  C.  Crowell,  John  Dewey,  W.  R.  Dickinson,  H. 
N.  Fisk,  J.  E.  Harrison,  H.  H.  Hess,  Mason  L.  Hill,  Melvin  Hill,  Peter 
Molnar,  John  D.  Moody,  James  L.  Pindeli,  Bruno  Sonder,  J.  H. 
Stewart,  S.  R.  Titley,  and  F.  A.  Vening-Meinesz.  The  classic 
pronouncements  of  Hans  Cloos,  Walter  Bucher,  and  Bruno  Sonder  have 
played  particularly  significant  roles  in  the  development  of  my  thoughts 
regarding  marginal  and  intra-continental  deformations  because  of  their 
simplistic  approaches  of  getting  to  the  “roots”  of  earth  tectonism.  By 
these  statements  I  do  not  intend  or  imply  any  criticism  or  belittlement 
of  the  hundreds  of  others  skillfully  versed  in  rock  mechanics  and 
deformations.  Non-facetitiously,  I  simply  have  to  adhere  to  H.  Cloos’s 
“roots”  or  “basement  blocks”  concept  of  1948. 

Equally  compelling  is  the  necessity  for  me  to  point  out  that  the  maps 
presented  here  are  far  too  small  to  show  the  masses  of  geometrical  and 
patternistic  detail  available  on  1:2,500,000  or  1:5,000,000  scale  maps  of 
the  region.  Therefore,  I  refer  you  to  the  various  geologic,  tectonic, 
gravity,  and  magnetic  maps  previously  published  and  to  the  new  tectonic 
map  being  compiled  by  W.  R.  Muehlberger  and  associates. 

Assuredly,  I  need  to  call  attention  to  an  obvious  situation  regarding 
said  maps.  They  are  composites — sometimes  in  a  geologic  time  sense, 
sometimes  from  the  standpoint  of  a  variety  of  data  from  a  variety  of 
sources  melded  together  on  a  single  sheet,  and  sometimes  from  the 
viewpoint  of  compromising  various  kinds  of  geological  and  geophysical 
data/ material.  This  journal  simply  could  not  have  published  the  total 
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variety  of  maps  constructed  in  this  study.  But  the  future  may  bring  them 
forth  in  yet  other  formats.  For  the  uninitiated,  I  call  attention  to  the  fact 
that  a  planar  surface — a  map — is  not  the  best  of  media  for  the  display 
of  events  separated  in  time  by  as  much  as  a  billion  years  or  even  100,000 
years. 


Discussion 

The  first  published  suggestion  of  a  fundamental  fracture  zone  or  zone 
of  crustal  weakness  (a  geodiscontinuity/geosuture)  extending  from 
modern  California  to  the  Gulf  of  Mexico  (see  Figs.  3-4)  was  by  R.  T. 
Hill  in  1902.  Subsquently,  Ransome  (1915),  Baker  (1927),  Hill  (1928), 
Baker  (1935),  Moody  and  Hill  (1956),  Flawn  (1956),  Eardley  (1962), 
Albritton  and  Smith  (1957  [1961],  1965),  Muehlberger  (1965,  1980), 
Muehlberger  (1965),  DeFord  (1969),  Dickerson  (1985),  and  others  have 
discussed  and  reviewed  some  of  the  complexities  of  Hill’s  Texas 
Lineament  as  well  as  other  lineal  features  in  the  region  (see,  for  example, 
Locke  et  al.,  1940;  Mayo,  1958;  Hills,  1970;  Titley,  1974,  1976,  1981;  and 
Bolden,  1983,  1984)  without  reaching  agreements  to  their  exact  nature 
and  extent.  But,  it  is  noteworthy  that  substantially  different  geologic 
structures  and  provinces  are  present  on  opposite  sides  of  (1)  the 
geodiscontinuity/ geosuture  and  (2)  many  of  the  subsidiary  structures 
which  are  a  part  of  it. 

Numerous  others  have  attested  to  the  complexity  of  the  geology  of  the 
region  and  have  pointed  out  differences  in  tectonic  styles  in  southwestern 
United  States  and  northern  Mexico:  see,  for  example,  Alvarez  (1949); 
Anderson  and  Schmidt  (1983a,  1983b);  Anderson  and  Silver  (1974); 
Baker  (1934,  1941,  1971);  Bayley  and  Muehlberger  (1968);  Bolden  (1983, 
1984);  Bose  (1906,  1910,  1921,  1923);  Buckhardt  (1905,  1930);  Charleston 
(1974,  1981);  Condie  (1980,  1981,  1982);  Coney  (1981);  Coney  et  al. 
(1980);  Cserna  (1960,  1971,  1976);  DeFord  (1969);  Dickerson  (1985); 
Dickinson  (1981);  Flawn  (1961);  Engel  (1963);  Goetz  and  Dickerson 
(1985);  Gose  et  al.  (1982);  Guzman  and  Cserna  (1961);  Harrison  (1972); 
Heim  (1940);  Hills  (1970);  Humphrey  (1965);  Imlay  (1936,  1938,  1943a, 
1943b,  1980);  Jones  and  McKee  (1979,  1980);  Jones,  et  al.  (1982,  1984); 
Kellum  (1936,  1944);  P.  B.  King  (1937,  1942,  1975a,  1975b);  R.  E.  King 
(1942);  Lopez-Ramos  (1969);  McKee  and  Jones  (1979,  1981,  1982); 
McKee  et  al.  (1984);  Mayo  (1958);  Muehlberger  (1965,  1980); 

Muehlberger  et  al.  (1966);  Muehlberger  and  Wiley  (1970);  Muir  (1936); 
Murray  (1956,  1961);  Ordonez  (1936);  Padilla  y  Sanchez  (1978a,  1978b, 
1982);  Sawkins,  (1979);  Silver  and  Anderson  (1974,  1983);  Stewart  (1972, 
1976);  Tardy  (1977);  Titley  (1974,  1976,  1981);  Urrutia-Fucugauchi  (1981); 
Van  der  Voo  (1981,  1982);  Van  der  Voo  et  al.  (1976);  Walper  (1970, 
1980a,  1980b,  1981);  Weidie  (1969);  Weidie  and  Murray  (1961); 

publications  of  the  West  Texas  Geological  Society;  the  New  Mexico 
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Figure  2.  Generalized  map  of  the  California-Tamaulipas  geodiscontinuity/  geosuture  of 
southwestern  United  States  and  northern  Mexico:  (A)  is  the  approximate  region,  from 
southeast  to  northwest,  of  the  Texas  Lineament-Mogollon  Rim-Walker  Lane/ Line  shear 
zones  which  form  the  northern  limits  of  the  geosuture;  (B)  and  (C)  are  respectively  the 
belts,  from  southeast  to  northwest,  of  the  Torreon-Saltillo-Monterrey  and  Mojave- 
Sonora  shears  constituting  the  approximate  southern  limits  of  the  geodiscontinuity/ 
geosuture.  This  map  is  time  composite  in  the  sense  that  the  fault  or  shear  zones  are 
not  of  the  same  age  and  were  intermittently  active  from  the  late  Precambrian  to  the 
present. 


Geological  Society;  the  Asociacion  Mexicana  de  Geologos  Petroleros;  the 
Sociedad  Geologica  (de  Mexicana);  and  others. 

Several  authors  have  proposed  major  lateral  shears  or  faults  in 
northern  Mexico  (see  Figs.  3-4).  In  August  1956,  Cserna,  Murray, 
Wollard,  and  Monges  (Abstracts,  XX  International  Geological  Congress, 
Mexico  City)  presented  separately  derived  concepts  of  a  possible  major 
left-lateral  shear  zone  in  northern  Mexico  in  the  Torreon-Saltillo- 
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Monterrey  region.  Murray  (1956,  1961)  and  Cserna  (1970,  1971) 

subsequently  reviewed  then  extant  evidence  for  the  existence  of  major, 
left-lateral  offsets  that  appeared  to  have  influenced  the  great  westerly, 
then  northwesterly,  arcs  of  the  Sierra  Madre  Oriental  in  the  Torreon- 
Saltillo-Monterrey  region  and  concluded  horizontal  displacement  along 
the  zone  amounted  to  the  order  of  400  kilometers.  They  considered  the 
shear  zone  to  be  of  probable  Paleozoic  age  but  also  of  possible 
Precambrian  initiation.  Obviously,  some  later  movement  along  the  zone 
took  place  in  Mesozoic  and  Cenozoic  times.  Both  writers  also  suggested 
the  existence  of  a  Zacatecas  alignment  or  fracture  zone  between  the 
Torreon-Saltillo-Monterrey  zone  and  the  Mexican  volcanic  zone  to  the 
south. 

Analagously,  others  have  indicated  a  belief  in  the  existence  of  major 
shear  zones  (see  Figs.  3-4)  in  northern  Mexico:  see,  for  example,  Walper 
(1980a,  1980b),  who  suggested  150  kilometers  of  late  Mesozoic  to  early 
Tertiary  movement  along  the  Torreon-Monterrey  megashear;  Burchfiel 
and  Davis  (1972);  Crowell  (1974);  Harrison  et  al.  (1980);  Hunt  (1963); 
Nairn  (1976);  Pindell  (1985);  Pitman  and  Talwani  (1972);  Ransome 
(1915);  Shurbet  and  Cebull  (1975);  Van  der  Voo  et  al.  (1976);  Walper  et 
al.  (1979),  and  so  on.  Silver  and  Anderson  (1974,  1983),  Anderson  and 
Silver  (1978,  1979),  and  Anderson  and  Schmidt  (1983),  presented 

evidence  for  a  major  crustal,  left-lateral  megashear,  several  hundred 
kilometers  wide,  extending  from  the  Mojave  block  in  California 
southeastward  across  Sonora  and  Chihuahua  into  Coahuila.  They 
suggested  that  700  to  800  kilometers  of  displacement  took  place  about 
160  million  years  ago.  Using  paleomagnetic  data,  Urrutia-Fucugauchi 
(1981)  and  Gose  et  al.  (1982)  proposed  a  major  suture  along  which  a 
previously  rotating  block  became  attached  to  North  America  by  early 
Mesozoic  times. 

Modern  geological  and  geophysical  maps  of  the  United  States,  Mexico, 
and  North  America  clearly  reveal  that  certain  major  crustal  features  of 
various  ages  and  different  origins  have  dominated  the  broad  scale 
structural  pattern  of  the  region  throughout  much  of  geologic  time  (see 
Figs.  2-5).  These  include,  for  example,  (1)  such  major  positive  elements 
as  the  Llano  Uplift,  Texas  Craton,  and  Colorado  Plateau  Province,  long- 
lived  elements  which  have  dominated  the  geology  of  the  region  and 
exercised  noticeable  influence  on  smaller  adjacent  features  and  major 
lineations  in  the  region;  (2)  lesser  positive  features  such  as  the  Matador 
Arch/ Red  River  Uplift,  Devil’s  River  Uplift,  Arbuckle  Mountains, 
Wichita  Mountains,  Sabine  Uplift,  Tamaulipas  Arch,  Sierra  del  Carmen / 
Salado  Arch,  and  so  on  (see  Tectonic  Maps  of  United  States,  Mexico, 
and  North  America);  (3)  significant  Mesozoic-Cenozoic  downwarps 
(negative  elements),  for  example,  the  Gulf  of  Mexico  coastal  geosyncline 
and  related  re-entrants  as  the  Northeast  Texas  Embayment/ Basin,  Rio 
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Figure  3.  Time-composite  map  showing  (1)  patterns  and  trends  of  faults  and  folds  (thin 
lines),  taken  from  Tectonic  Map  of  North  America,  U.S.  Geol.  Surv.,  1969,  P.  B.  King, 
compiler,  and  Tectonic  Map  of  Mexico,  Geol.  Soc.  Amer.,  1961,  Z.  de  Cserna,  compiler; 
(2)  Appalachian  (app),  Marathon-Ouachita  (mof),  and  Cordilleran  (cf)  tectonic  fronts 
from  same  source;  (3)  significant  basement  blocks  as  Colorado  Plateau  (CP),  Texas 
Craton  (TX  CR),  Flawn,  1961,  and  Llano  Uplift  (LL);  (4)  Rough  Creek  fault  zone  (RC); 
(5)  salt  basins  of  (a)  northern  Gulf  of  Mexico  coastal  province  (nsb)  and  (b)  southern 
province  (ssb),  from  various  sources;  and  (6)  Mexican  ridges  of  southwestern  Gulf 
Coastal  Province  (mr),  from  various  sources.  Inferred  alignments,  lineations  and  shear 
zones  are  indicated  by  dotted  lines.  (1- la-lb)  Texas  Lineament-Mogollon  Rim- Walker 
Lane  (Line)  zone  of  shears;  (2)  discontinuities  of  Titley  (1976);  (3)  La  Babia  fault  zone; 
(4)  Mojave-Sonora  megashear  (see  also  10);  (5)  San  Marcos  fault  zone;  (6a-6b)  Torreon- 
Saltillo-Monterrey  shear  zones;  (7)  San  Andreas  fault  zone;  (8)  Zaratecas  shear  zone; 
(9)  Mexican  Volcanic  zone;  (10)  possible  eastern  zone  of  Mojave-Sonora  megashear;  (a) 
Matador-Red  River  alignment;  (b)  Socorro-Ardmore  trend;  (c)  Las  Vegas-Amarillo 
alignment;  (I)  Amarillo-Wichita  uplifts  alignment;  and  (II)  Uinta-Anardarko  alignment. 
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Grande  Embayment,  Parras  Basin,  Sabinas  Basin,  Burgos  Basin,  and  the 
Mesozoic  rifts  of  the  Gulf  of  Mexico  Basin  filled  with  red  beds  and  salt; 
(4)  analgous  Mesozoic  rift  valleys/ basins  in  Nuevo  Leon,  Coahuila, 
Chihuahua,  (the  protorifts  that  later  became  the  Pedregosa,  Chihuahua, 
and  Sabinas  basins),  and  their  northwesterly  analogs  across  Arizona, 
Nevada,  and  Utah,  which  also  include  red  beds  and  evaporites;  (5) 
Paleozoic  basins  as  the  Fort  Worth,  Val  Verde,  Midland,  Delaware,  and 
Pedregosa;  (6)  the  Cenozoic  Rio  Grande  Rift,  through  which  the  river 
flows  and  associated  with  which  numerous  volcanic  events  have  occurred; 
(7)  orogenic  belts  as  (a)  the  Paleozoic  Ouachita-Marathon  folded  and 
thrusted  zone,  which  terminates  as  a  continuum  about  the  Rio  Grande 
and  in  central  Mississippi;  (b)  the  Meso  Cenozoic  Sierra  Madre  Oriental; 
(c)  the  Cenozoic  Sierra  Madre  Occidental;  and  (d)  the  Meso-Cenozoic 
North  American  Cordillera,  especially  the  Rocky  Mountains. 

Significant  paleogeomorphic  and  paleogeologic  features  (see  Figs.  4-5) 
are  located  in  three  areas  in  northern  Mexico:  (1)  the  Aldama  Platform 
of  western  Chihuahua;  (2)  the  La  Mula-Coahuila  islands  of  central  and 
southern  Coahuila  (the  so-called  Coahuila  Platform  of  Kellum  and 
others);  and  (3)  an  eastern  belt  of  paleofeatures  in  the  states  of  Coahuila, 
Nuevo  Leon,  and  Tamaulipas  (the  Lampazos-Sabinas-Picachos  islands, 
the  San  Carlos  Island,  and  the  Tamaulipas  Island)  which,  historically, 
have  been  included  in  the  geographic  outline  of  the  paleofeature 
commonly  referred  to  as  the  Tamaulipas  Platform  (see  McKee  et  al., 
1979,  1984;  Alfonso-Z.,  1968;  Murray,  1961;  Goetz  and  Dickerson,  1985; 
and  Dickerson,  1985).  Similar  features  appear  to  exist  elsewhere  in 
northern  Mexico  (see  Figs.  4-5)  and  in  adjacent  portions  of  Texas,  New 
Mexico,  Arizona,  California,  and  Nevada  but  to  date  have  not  been 
recognized  as  such.  Igneous  and  metamorphic  basement  rocks  are  present 
at  the  surface  or  in  the  subsurface  of  the  known  paleofeatures,  as  well 
as  at  other  localities  in  northern  Mexico  (see  Figs.  4-5).  Their  orientation 
in  northwesterly  trends  in  Coahuila  and  Chihuahua  suggests  they  may  be 
high  standing  (that  is,  positive)  so-called  paleogeologic  exotic  blocks, 
possibly  analagous  to  the  “suspect  terranes”  of  Coney  et  al.  (1980), 
trapped  during  continental  collisions  in  the  major  geosuture,  which 
appears  to  exist  between  zones  of  the  Texas  Lineament-Mogollon  Rim- 
Walker  Lane  (or  Line)  on  the  north  and  east  and  the  Mojave-Sonora 
megashear  and  Torreon-Saltillo-Monterrey  faults  or  megashears  on  the 
south  and  west.  Variations  in  trend  between  the  Aldama-Coahuila-La 
Mula  islands  and  the  San  Carlos-Tamaulipas  elements  is  considered  due 
to  offsets  and  to  rotations  effected  by  the  Texas  Lineament  and  the 
Mojave-Sonora-Torreon-Monterrey  megashears  and  related  fault  zones 
(see  also  Cloos,  1948). 

Geological  and  geophysical  maps  of  northern  Mexico  and  southwestern 
United  States  also  reveal  the  existence  of  sundry  lineations, 
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Figure  4.  (See  Figure  3  for  key  to  1-10,  mr,  nsg,  ssb,  app,  mof,  cf,  a-c,  and  I-II).  Time 
composite  map  showing  generalized  interpretation  of  (1)  saline  and  evaporitic  deposits 
in  Gulf  of  Mexico;  (a)  Rio  Grande  Embayment  (RGE),  Sabinas-Chihuahua-Pedregosa 
basins  (B)  of  northern  Mexico  and  southeastern  Arizona;  and  (3)  evaporitic  deposits  (A) 
west  and  southwest  of  the  Colorado  Plateau.  All  the  evaporitic  deposits  may  range  in 
age  from  late  Triassic  to  late  Jurassic  in  age.  Three  salt  domes  (X)  in  Arizona-Nevada 
have  been  reported  to  contain  Tertiary  salt.  Paleogeologic  features  which  may  represent 
suspect  terranes  or  exotic  blocks  in  northern  Mexico  are:  Aldama  Uplift  or  Platform 
(Al),  Coahuila  Island  (co),  La  Mula  Island  (lm),  Lampazos-Sabinas-Picacho  islands  (Is), 
San  Carlos  Island  (SC),  Tamaulipas  Island  (tm),  Peregrina-Novillo  Uplift  (pr),  Aramberi 
Island  (ar),  Apizolaya-Coapas  Island  (ap).  Scattered  outcrops  of  Precambrian  and 
Paleozoic  rocks  are  indicated  by  the  symbols  SPC  and  SPZ,  respectively.  They  may, 
or  may  not,  represent  paleogeologic  features  as  those  listed  in  the  preceding  paragraphs. 
At  this  time  it  is  impossible  to  say  if  these  various  features  represent  dispersed  segments 
of  the  Marathon-Ouachita  suture  or  exotic  blocks  from  elsewhere  or  both. 
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discontinuities,  faults,  shear  zones,  fracture  zones,  or  zones  of  weakness 
with  various  orientations;  the  preferred  directions  being  northwest, 
northeast,  east  and  west  (see  also  Mayo,  1958),  with  northwesterly  trends 
predominating.  Some  may  belong  to  major  regmatic  shear  patterns 
discussed  by  Hobbs  (1911),  Locke  et  al.,  (1940),  Vening-Meinesz  (1947), 
Sonder  (1947),  Cloos  (1948),  Johnston  (1954),  and  others,  whereas  some 
appear  to  have  been  induced  or  enhanced  by  collision(s)  of  North  and 
South  America  in  the  vicinity  of  what  is  now  the  Northern  Gulf  Coastal 
Province  during  the  late  Paleozoic-early  Mesozoic.  A  noteworthy  point 
in  this  general  regard  was  made  in  1948  by  Hans  Cloos  who  wrote  (see 
Moody  and  Hill,  1956:  1228): 

“The  major  tectonic  features  of  our  continents  are  generally  supposed  to  be  younger 
than  the  deformed  rocks  which  they  transgress.  During  the  last  two  or  three  decades 
observations  began  to  accumulate  which  prove  that  several,  if  not  all,  of  the  main 
fractures  or  fracture  zones  in  Europe  are  old  and  have  been  active  practically  during 
all  the  tactogenetic  periods  of  the  Earth’s  history.  This  indicates  that  the  Earth’s  crust 
was  divided  into  polygonal  fields  or  blocks  of  considerable  depth  or  thickness  during 
an  early  stage  of  its  history.  In  the  following,  the  author  will  speak  of  ‘basement  blocks’ 
which  are  separated  by  ‘geofractures’  or  ‘geosutures’.” 

Stewart  (1972,  1976),  Stewart  and  Suczek  (1977),  Dickinson  (1977), 
and  others  have  demonstrated  that  late  Precambrian  rifting 
approximately  850  million  years  ago  (1)  created  a  new,  or  a  reshaped, 
continental  margin  of  western  North  America  of  that  time;  (2)  initiated 
the  Cordilleran  miogeocline  and  formed  its  overall  geometry;  and  (3) 
established  the  basinal  framework  which  controlled  subsequent  large-scale 
Paleozoic  to  modern  tectonic  trends. 

The  California-Tamaulipas  geodiscontinuity/ geosuture  appears  to  be  a 
similar  fundamental  “geofracture-zone”  (see  Figs.  3-5) — that  is,  an 
extension  of  the  western  North  American  geofracture  zone — developed  by 
rifting  and  collision  in  the  late  Precambrian  along  the  southern  and 
southestern  margins  of  the  continental  craton  of  that  time  (see  Stewart, 
1976).  Subsequently,  the  zone  has  been  a  belt  of  crustal  weakness  (a 
geodiscontinuity)  subjected  to  various  tectonic  activities,  including 
continental  collisions  and  subductions,  from  (a)  the  south  and  west — late 
Precambrian  and  early  Paleozoic(?);  (b)  megashearing  as  a  result  of 
South  America  ramming  North  America  in  the  late  Paleozoic,  during 
which  time  the  Llano  Uplift,  Texas  Craton  (Flawn,  1961),  and  Colorado 
Plateau  paleogeologic  basement  block(s)  moved  northwesterly  relative  to 
what  is  now  (1)  Mexico  and  (2)  Oklahoma  north  of  the  Arbuckle 
Mountains;  (c)  rifting,  and  possible  transform  faulting,  during  the  late 
Permian(?)  to  late  Jurassic;  and  (d)  transform  faulting,  thrusting,  and 
folding  during  the  Cenozoic  due  to  (1)  northeasterly  directed  forces 
resulting  from  subduction  of  the  Pacific  Plate  beneath  Mexico  and 
southwestern  United  States,  as  well  as  (2)  resultant  (translated)  forces 
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Figure  5.  Relationships  of  major  tectonic  belts:  Appalachians  (app),  Marathon-Ouachita 
(mof),  and  Cordilleran  (cf).  Sierra  Madre  Oriental  (smor),  and  Sierra  Madre  Occidental 
(smoc),  to  (1)  paleogeologic  islands  in  northern  Mexico — Aldama  (al),  Coahuila  (co),  La 
Mula  (lm),  Lampazos-Sabinas-Picacho  (Is),  San  Carlos  (sc),  Tamaulipas  (tm),  Peregrina- 
Novillo  (pr),  Aramberi  (ar),  Apizolaya-Coapas  (ap) — and  to  scattered  Precambrian 
(SPC)  and  .Paleozoic  (SPZ)  outcrops  in  northwestern  Mexico.  Principal  uplifts  shown 
are:  Sierra  del  Carmen  (cs),  (a  possible  paleogeologic  uplift)-Salado  Arch,  Devil’s  River 
Uplift  (dru),  Matador-Red  River  Uplift/ Arch  (mr),  Amarillo  Uplift-Wichita  Mts.  (aw), 
Sabine  Uplift  (S),  Nashville  Dome  (nd),  Nemaha  Ridge  and  fault  (nn),  and  Uinta  Uplift 
(uu).  See  also  Figure  3.  Major  zones  of  faulting  include  the  Grand  Wash-Hurricane- 
Sevier  Zone,  segments  of  the  Cordilleran  front,  and  the  Rough  Creek  Zone.  Basins 
which  are  depicted  are  variable  in  age  but  are  believed  to  be  primarily  of  Paleozoic 
origin,  with  some  Meso-Cenozoic  rejuvenation  from  place  to  place.  They  are:  (1)  Green 
River,  (2)  Washakie,  (3)  Uinta  Basin,  (4)  Piceance,  (5)  Denver,  (6)  Paradox,  (7) 
Kaiparowwits,  (8)  Black  Mesa,  (9)  Zuni,  (10)  San  Juan,  (11)  San  Luis,  (12)  Las  Vegas, 
(13)  Luccero,  (14)  Orogrande,  (15p)  Pedregosa,  (15c)  Chihuahua,  (15s)  Sabinas,  (16) 
Tularosa,  (17)  Salina,  (18)  Forest  City,  (19)  Dalhart,  (20)  Anadarko,  (21)  Arkoma,  (22) 
Illinois,  (23)  Val  Verde,  (24)  Desha,  (25)  Black  Warrior,  (26)  Palo  Duro,  (27)  Hardeman, 
(28)  Ardmore,  (29)  Sherman,  (30)  Fort  Worth,  (31)  Midland,  (32)  Delaware,  (33)  Marfa, 
(34)  Kerr.  This  map  is  also  time  composite  (see  also  Figs.  3  and  4). 
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derived  from  movements  along  the  major  right-lateral  and  transform 
faults  in  the  western  United  States.  Thus,  the  geosuture  was  created. 
Movements  along  and  within  the  geosuture  appear  to  have  been  episodic 
and  to  have  been  variable  in  nature,  direction,  and  time.  The  geosuture 
varies  in  width  from  about  200  to  600  kilometers. 

Examination  of  the  distribution  of  Paleozoic  sequences  in  the 
southwestern  United  States  (see  Cook  and  Bally,  eds.,  1975,  Stratigraphic 
Atlas  of  North  and  Central  America)  permits  one  to  infer  that  features 
we  now  refer  to  as  the  Llano  Uplift,  Texas  Craton  (Flawn,  1956),  and 
Colorado  Plateau  constituted  a  continuous  and  generally  positive 
basement  block  in  southwestern  North  America  during  the  late 
Precambrian  and  through  most  of  the  Paleozoic.  I  infer  also  that 
segmentation  of  the  cratonic  block  took  place  during  the  late  Paleozoic 
to  late  Jurassic  collision  and  subsequent  separation  of  North  and  South 
America,  during  which  episode  the  Llano-Colorado  block  was  thrust 
northwestward  by  the  collision,  major  fracture  zones  developed  north  and 
south  of  the  more  stable  block,  and  a  major  zone  of  weakness  antecedent 
to  the  Rio  Grande  Rift-Sangre  de  Cristo-Front  Range  trend  was 
initiated.  Ancestral  Precambrian  lineal  weaknesses,  possibly  related  to  a 
regmatic  shear  pattern,  controlled  the  positions  of  major  zones  of 
movement.  A  series  of  new  shear  zones  (see  Fig.  3),  again  possibly  related 
to  northwesterly  trends  of  the  regmatic  pattern,  developed  north  of  the 
Llano-Colorado  block,  one  of  which  may  have  extended  from  as  far 
north  as  the  Black  Hills-Chadron  Arch  and  fault  and  the  Salina  Basin 
southeastward  where  it  appears  to  have  terminated  the  Ouachita  belt,  or 
offset  it  from  the  Appalachian  belt,  in  what  is  now  the  eastern 
Mississippi-western  Alabama  area.  Analagously,  shear  zones  south  of  the 
Llano-Colorado  block  terminated  and  offset  the  Ouachita  belt  in  the 
vicinity  of  the  Rio  Grande  (see  Fig.  3). 

The  North  American-South  American  collision  was  obviously  of  great 
magnitude  as  it  succeeded  in  deforming  and  fracturing  central  and 
southwestern  United  States  and  northern  Mexico  into  a  series  of  wrench- 
or  shear-bounded  blocks  of  subcontinental  proportions  (see  Figs.  3-4), 
which  shows  also  the  location  and  relations  of  the  (1)  Hurricane-Sevier; 
(2)  Rio  Grande-Sangre  de  Cristo-Front  Range;  (3)  Nemaha  Uplift  and 
faults;  and  (4)  other  major  trends  or  lineal  zones  of  weakness  to  the 
dominant  northwesterly  trends.  Central  and  southwestern  United  States, 
as  far  west  as  Nevada-California,  was  deformed  into  a  series  of  basins 
and  folds/ arches  by  the  transmitted  force  of  the  collision  and  by 
movements  along  the  various  zones  of  weakness  (see  Fig.  5). 

Thus,  it  appears  that  most,  if  not  all,  of  the  Paleozoic  basins  in  the 
central  and  southwestern  United  States  and  northern  Mexico  were 
developed  or  enhanced  by  the  North  American-South  American  collision 
and  separation  in  the  late  Paleozoic-early  Mesozoic  and  were  rejuvenated 


TECTONICS  OF  SOUTHWEST  AND  MEXICO 


313 


from  time  to  time  by  later  tectonism.  Northerly  and  northwesterly  lineals 
also  were  developed  or  enhanced  during  the  collison  (see  Cloos,  1948). 

A  well  known  geologic  principal  is  that  geologic  features  commonly  are 
arced  or  dragged  along  faults  in  the  direction  of  primary  relative 
movement  (see  Moody  and  Hill,  1956).  In  other  words,  the  acute  angle 
formed  by  geologic  structures  intersecting  a  zone  of  primary  movement 
commonly  opposes  the  direction  of  movement  of  the  involved  block. 

Using  this  principle,  together  with  (a)  lineal  trends  of  faults  and  folds 
in  the  region  and  (b)  variations  in  their  geometry,  size,  and  patterns,  I 
have  been  able  to  delineate  the  apparent  presence  of  a  large  number  of 
possible  discontinuities  or  zones  of  weakness,  which  are  believed  to 
constitute  the  geosutured  borderland  of  southwestern  United  States  and 
northern  Mexico  (see  Fig.  3).  In  northern  Mexico,  these  discontinuities 
possess  a  braided  or  anastomosing  pattern  similar  to  those  described  by 
Crowell  (1974),  Locke. et  al.  (1940),  and  Eyal  et  al.,  (1986).  They  appear 
to  have  segmented  northern  Mexico  into  positive  and  negative  blocks  and 
to  have  influenced  the  distribution  of  basement  and  Paleozoic  rocks, 
basins,  uplifts,  and  paleogeomorphic  features.  Suspect  terranes  or  exotic 
blocks  additionally  complicate  the  problems  of  interpretation. 

The  discontinuities/ weakness  zones  can  be  traced  northwesterly  across 
northern  Mexico  into  Arizona,  where  Titley  (1976)  identified  similar 
trending  discontinuities,  and  on  to  California  and  Nevada.  Although  the 
impact  of  Laramide  tectonism  complicates  the  picture,  trends  are 
sufficiently  clear  to  permit  one  to  extend  the  geosuture  along  the 
southern  and  western  margins  of  the  Colorado  Plateau  and  Basin  and 
Range  provinces  (see  also  Locke  et  al.  1940,  and  Mayo,  1958). 

The  fundamentality  of  the  California-Tamaulipas  geosuture  is  attested 
to  by  (1)  its  magnitude — at  least  1500  to  2000  kilometers  long  and  600 
kilometers  wide  (see  also  Mayo,  1958,  and  Anderson  and  Silver,  1979); 
(2)  the  scale  of  the  marginal  shear  zones  (Mojave-Sonora  and  Walker- 
Mogollon-Texas),  which  may  be  up  to  250  kilometers  in  width;  (3)  the 
presence  of  many  intrasutural  fractures  and  zones  of  weakness  which 
create  anastomosing  to  lineal  positive  and  negative  blocks  as  well  as 
paleogeologic  crustal  masses;  and  (4)  subregional  lineal  trends  and  basins 
of  Paleozoic  and  Mesozoic  ages,  with  3  and  4  exerting  noticeable 
influence  on  the  nature,  thickness,  and  distribution  of  certain  Paleozoic- 
Mesozoic  sedimentary  sequences. 

Definitive  papers  have  been  published  by  Charleston  (1974,  1980), 
Padilla  y  Sanchez  (1982),  Jones  et  al.  (1982),  and  McKee  and  Jones 
(1984),  on  the  San  Marcos  and  La  Babia  faults  (see  Figs.  3-4)  in  the 
interior  portion  of  the  geosuture.  Field  data  reported  by  Alfonso  (1968), 
Charleston  (1974,  1981),  Gose  et  al.  (1982),  McKee  and  Jones  (1979, 
1981,  1982),  Mckee  et  al.  (1984),  and  others  indicate-  that  the  La  Babia 
and  San  Marcos  faults  are  major  faults  within  the  zone  of  the  geosuture. 
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The  San  Marcos  Fault  may  be  an  extension  of  the  Mojave  megashear 
or  it  may  represent  a  splinter  off  it.  McKee  et  al.  (1984:107)  wrote: 

“Repeated  Tertiary  and  Early  Cretaceous  faulting  is  recorded  along  the  same  narrow 
zone  for  a  distance  of  almost  300  km — between  the  vicinity  of  Potrero  de  la  Gavia  on 
the  east  and  Cerro  Solo  on  the  west.  For  a  distance  of  about  200  km  at  Valle  San 
Marcos,  the  inferred  trace  of  Jurassic  faulting  is  also  within  the  same  general  zone, 
and  we  tentatively  conclude  that  Jurassic  movement  also  extended  along  the  entire 
fault.  Thus,  we  prefer  to  define  the  San  Marcos  fault  of  Charleston  (1981)  to  include 
movement  during  the  Jurassic  and  Early  Cretaceous  as  well  as  the  Tertiary. 

“Our  best  evidence  is  for  vertical  components  of  movement,  southside-up  during  the 
Jurassic  and  Early  Cretaceous  and  northside-up  during  the  Tertiary.  Our  study  of 
basement  (McKee,  et  al.,  in  prep.),  in  outcrop  and  from  clasts  in  conglomerate,  has 
not  yielded  firm  evidence  for  or  against  lateral  displacement.  Nevertheless, 
circumstantial  evidence  (location,  size,  and  orientation  of  the  fault,  and  probable 
Jurassic  movement  along  it,  suggests  that  it  may  record  some  of  the  large-scale,  left- 
lateral  displacements  that  have  been  postulated  for  northern  Mexico.  Certainly,  it  was 
a  dominant  factor  in  southern  Coahuila  and  has  left  a  noticeable  imprint  on  the 
Tertiary  structural  pattern.” 

The  main  Mojave-Sonora  megashear  extends  southeastward  from 
about  35°  N,  although  a  lineal  zone  to  the  east  may  represent  a 
branching  of  the  shear;  if  so,  the  eastern  trend  can  be  extended  into 
northern  California  to  about  latitude  39°  N  (see  also  Dickinson,  1981). 
To  the  southeast  in  Coahuila  and  Nuevo  Leon,  uncertainty  exists 
regarding  the  status  and  extent  of  the  megashear;  it  may  horsetail  into 
the  La  Babia,  San  Marcos,  and  Torreon-Saltillo-Monterrey  zones  or  it 
may  merge  into  one  of  them  with  a  decrease  in  horizontal  displacement. 
Both  Cserna  and  I  have  inferred  that  the  Torreon-Saltillo-Monterrey 
shear  zone  reflects  about  400  kilometers  of  left-lateral  offset.  Anderson 
and  Silver  (1979)  suggested  700  to  800  kilometers  of  left-lateral  offset 
along  the  Mojave-Sonora  megashear  in  the  California-Sonora  area.  If 
these  amounts  of  displacement  are  correct,  then  one  can  make  a  good 
case  for  branching  of  the  Mojave-Sonora  megashear  across  Chihuahua 
and  Coahuila  and  accommodation  of  the  apparent  differences  in  offset 
along  two  or  more  zones. 

No  extension  of  the  major  fracture  zones  in  the  Pacific  (see  Menard, 
1954,  1955)  can  be  demonstrated  reliably  at  this  time  although  alignment 
of  onshore  features  along  similar  trends  are  tantalizingly  suggestive. 
Analagously,  apparent  offsets  of  geologic  features  in  the  Gulf  of  Mexico- 
Caribbean  region  can  be  viewed  as  suggestive  of  a  possible  eastward 
extension  of  the  California-Tamaulipas  geosuture  and  geofractures.  The 
approximately  400  to  500  kilometers  of  east-west  separation  of  (1)  the 
southwesterly  lobe  of  the  great  northern  Gulf  of  Mexico  salt  mass  and 
(2)  the  Campeche-Sigsbee  mass  is  highly  suggestive  of  left-lateral  offset 
of  an  order  about  that  of  the  Torreon-Saltillo-Monterrey  zone.  If  so, 
such  offset  would  have  been  subject  at  that  time  to  mainly  left-lateral 
movement.  Little  imagination  then  is  needed  to  extend  an  apparent 
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fundamental,  global-scale  fracture  or  shear  zone  across  northern  Yucatan 
through  the  Straits  of  Florida,  along  northern  Cuba/ Haiti/ Hispanola 
and  Puerto  Rico  to  the  Puerto  Rico  Trench. 

The  question  of  late  geologic  movement  along  zones  of  weakness  in  the 
geosuture,  as  well  as  along  other  lineaments  which  may  have  come  into 
existence  with  the  collision  of  North  America  and  South  America  in  the 
late  Paleozoic,  and  the  possible  influence  they  have  exercised  on  Tertiary 
to  modern  features,  is  a  most  interesting  aspect  of  the  regional  problem 
(see  Cloos  quote,  this  paper).  Volumes  have  been  written  in  regard  to  the 
subject  and  arguments  continue  as  of  today.  Suffice  it  to  say  that  some 
late  geologic  movements  along  earlier  established  zones  of  weakness  do 
seem  to  have  occurred.  Careful  comparisons  of  geologic  features  on 
geological  and  geophysical  maps  of  North  America,  the  United  States, 
and  Mexico  permit  one  to  infer  that  certain  lineal  trends  in  the  United 
States  and  northern  Mexico  reflect  some  kind  of  late  geologic  movement, 
presumably  along  old  fundamental  fractures  or  zones  of  weakness  (see 
Figs.  3-5  and  Cloos,  1948). 
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Abstract. — Cnemidophorus  marmoratus  is  elevated  to  specific  status  based  on  our 
examination  of  morphometric  and  scutellation  data  from  specimens  of  C.  marmoratus  and 
C.  tigris  within  the  contact  zone  in  southwestern  New  Mexico  and  our  interpretation  of 
the  data  of  others. 

The  ontogenetic,  sexual,  and  geographic  variation  of  scutellation  and  dorsal,  throat,  and 
ventral  patterns  of  Cnemidophorus  marmoratus  was  examined  using  univariate  and 
multivariate  statistical  techniques.  The  species  is  interpreted  to  consist  of  five  subspecies, 
two  described  as  new.  Three  subspecies  clusters  are  recognized.  The  northern  subspecies 
cluster,  including  C.  m.  marmoratus  and  a  new  race,  occurs  in  New  Mexico,  western  Texas, 
and  in  Mexico  in  northern  and  east-central  Chihuahua,  western  and  central  Coahuila,  and 
west-central  Nuevo  Leon.  The  new  subspecies  occupies  the  eastern  and  southern  portions 
of  that  range.  A  central  cluster  consists  only  of  C.  m.  pulcher,  found  only  in  Mexico  in 
the  southeastern  tip  of  Chihuahua,  adjacent  east-central  Coahuila,  and  extreme  northeastern 
Durango.  The  southern  duster  is  exclusively  in  Mexico  and  includes  C.  m.  variolosus  and 
a  new  subspecies;  C.  m.  variolosus  occurs  in  northeastern  Durango  and  southwestern 
Coahuila  and  the  new  race  in  southeastern  Coahuila  and  west-central  Nuevo  Leon.  Several 
zones  of  intergradation  between  various  combinations  of  subspecies  were  found: 

Features  of  dorsal,  throat,  and  ventral  patterns  most  conspicuously  separate  the 
subspecies  clusters.  Members  of  the  northern  cluster  have  black-flecked  throats  and  venters 
on  a  light  background,  and  typical  dorsal  patterns  of  boldly  reticulated  longitudinal  lines 
and  transverse  bars.  The  central  subspecies  cluster  includes  specimens  with  undulating 
transverse  light  and  black  bars  across  the  throat,  and  a  venter  suffused  anteriorly  with  black 
and  dorsal  patterns  boldly  marked  with  light  spots,  often  arranged  in  transverse  bars.  The 
southern  cluster  includes  individuals  having  black  throats  and  venters  and  finely  reticulated 
dorsal  patterns.  Key  words :  Teiidae;  Cnemidophorus  marmoratus',  Cnemidophorus  tigris; 
systematics;  biogeography. 

The  genus  Cnemidophorus  Wagler,  1830,  contains  approximately  43 
extant  species.  More  than  200  different  scientific  names  have  been 
ascribed  to  these  species  in  a  myriad  of  combinations.  The  wide  ranging 
species  Cnemidophorus  tigris  Baird  and  Girard  1852a  (Fig.  1 — also  see 
Zweifel,  1962:fig.  1,  and  Pianka,  1970:fig.  1)  has  been  the  source  of  much 
of  the  taxonomic  confusion  as  evidenced  by  at  least  35  names  exceeding 
75  combinations.  The  lizards  invofved  in  the  present  study  east  of  the 
Continental  Divide  have  at  least  16  applied  names  in  more  than  30 
combinations.  Analyses  of  the  contact  zone  between  C.  tigris  gracilis  and 
C.  tigris  marmoratus  in  southwestern  New  Mexico  have  been  undertaken 
by  Dessauer  et  al.  (1962)  and  Dessauer  and  Cole  (1984)  using 
electophoretic  methods.  Zweifel  (1962)  also  examined  the  contact  zone, 
observing  color  patterns  and  scutellation. 
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The  studies  of  Dessauer  et  al.  (1962),  Dessauer  and  Cole  (1984),  and 
Zweifel  (1962)  revealed  the  contact  zone  between  gracilis  and 
marmoratus ,  near  the  Continental  Divide,  involved  limited  gene 
exchange.  They  did  however  decide  to  retain  the  two  as  subspecies  rather 
than  elevate  marmoratus  to  specific  status.  Axtell  (1972),  faced  with  a 
similar  problem  in  the  lizard  genus  Crotaphytus ,  elected  to  recognize  two 
species.  Axtell  followed  the  reasoning  of  Bigelow  (1965)  that 
hybridization  without  introgression  does  not  alter  the  “gestalt”  of  the 
species.  We  have  reexamined  and  reevaluated  the  morphology  of 
individuals  of  gracilis  and  marmoratus  in  the  contact  zone.  The  hybrids 
are  exactly  that — hybrids,  showing  developmental  asymmetry  in  head  and 
body  scutellation,  and  color. 

Inasmuch  as  there  is  limited  gene  exchange,  as  reviewed  in  the  genic 
and  morphological  data,  we  recognize  the  population  of  Cnemidophorus 
tigris  east  of  the  Peloncillos  Mountains  of  New  Mexico  as  C. 
marmoratus.  Cnemidophorus  marmoratus  is  distinguished  from  C.  tigris 
near  their  zone  of  contact  (see  Fig.  1)  by  having  a  light-colored  chest  and 
throat  with  black  flecks  rather  than  a  grayish-black  chest  and  throat; 
dorsal  and  lateral  body  pattern  of  light  and  dark  transverse  lines  in 
juvenile  and  adults  rather  than  four  to  six  dorsal,  longitudinal  light  lines, 
particularly  pronounced  in  juveniles.  The  typical  number  of  femoral 
pores  for  male  C.  marmoratus  in  the  zone  of  contact  is  43,  whereas  C. 
tigris  has  36. 


Historical  Review 

The  death  of  the  prolific  E.  D.  Cope  in  1897,  who  described  (1900), 
or  applied  at  least  16  new  combinations  attributed  to  C.  tigris ,  and  the 
investigations  of  Gadow  (1903,  1906)  virtually  marked  the  end  of  studies 
concerned  with  geographic  variation  or  evolution  of  C.  tigris  until  Burt’s 
(1931)  monograph  of  the  genus.  Burt  compiled  an  excellent  account  of 
the  voluminous  literature  pertaining  to  C.  tigris  prior  to  1930  and  chose 
to  synonymize  many  taxa  that  he  considered  to  be  color  pattern  and 
scutellation  variants.  His  taxonomic  conclusions,  however,  were  shattered 
in  the  succeeding  40  years.  He  chose  to  recognize  14  species  and  eight 
subspecies  in  the  genus  Cnemidophorus ,  now  thought  to  include  43 
species  and  probably  an  additional  100  subspecies.  Only  10  of  the  26  taxa 
Burt  relegated  to  the  genus  remain  unchanged  at  present. 

The  taxonomic  history  of  Cnemidophorus  tigris  began  with  Say’s 
(1823)  description  of  Ameiva  tesselata  from  the  “Aransas  River,  near 
Castle  Rock  Creek,”  Colorado.  Prior  to  Baird  and  Girard’s  (1852a, 
1852b)  description  of  four  new  species  in  the  tesselatus  group 
{marmoratus,  gracilis,  tigris ,  and  grahamii ),  all  populations  were  included 
in  tesselatus.  The  new  species  and  Ameiva  tesselata  were  included  in  the 
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SCALE  OF  MILES 
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Figure  1.  Generalized  distribution  of  Cnemidophorus  marmoratus  and  mainland  C.  tigris, 
and  their  contact  zone  in  southwestern  New  Mexico. 
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genus  Cnemidophorus.  Cnemidophorus  tigris  was  then  known  only  from 
the  “Valley  of  the  Great  Salt  Lake,  Utah”  (Baird  and  Girard,  1852a).  The 
type  localities  of  C.  marmoratus  and  C.  grahamii  were  given  as  “between 
San  Antonio  and  El  Paso  del  Norte;”  C.  gracilis  was  described  from  the 
“Desert  of  Colorado”  (Baird  and  Girard,  1852b).  Baird  (1859) 
synonymized  C.  marmoratus  with  C.  tigris  and  also  questioned  the 
validity  of  his  other  previously  described  taxa  and  their  relationship  to 
C.  tesselatus.  Cope  (1875)  allocated  C.  tigris,  C.  gracilis ,  and  C. 
melanostethus  (described  in  1863  from  southwestern  Arizona  by  Cope)  to 
trinomials  of  C.  tesselatus  without  elaboration;  he  retained  specific  status 
for  C.  grahamii',  and  omitted  C.  marmoratus  entirely.  Cope,  at  that  time, 
undoubtedly  referred  the  specimens  currently  recognized  as  C.  tigris 
marmoratus  to  C.  tesselatus  tesselatus.  He  considered  C.  grahamii  to 
range  in  the  area  of  southern  Colorado,  New  Mexico,  and  western  Texas. 

Yarrow  (1882)  added  to  the  confusion  by  applying  geographic  localities 
to  Cope’s  (1875)  nomenclature.  C.  grahamii  occurred  in  New  Mexico  and 
California;  C.  tesselatus  tesselatus  was  listed  from  an  unknown  locality 
probably  in  Colorado;  C.  tesselatus  tigris  ranged  in  western  Texas, 
Coahuila  (Mexico),  and  southern  California;  C.  tesselatus  melanostethus 
occurred  near  the  “Colorado  River”  (probably  western  Arizona)  and  “La 
Paz,  California”  (southern  Baja  California);  and  C.  tesselatus  gracilis  was 
found  in  the  “Colorado  Desert”  (southeastern  California).  Garman  (1884) 
contributed  to  the  confusion  by  synonymizing  Cnemidophorus  tesselatus 
into  the  genus  Ameiva  and  retained  Ameiva  tesselatus  tigris  to  include 
the  “tesselatus-like”  forms  east  of  the  Continental  Divide.  Boulenger 
(1885)  reallocated  tesselatus  to  the  genus  Cnemidophorus  and  combined 
all  subspecies  as  Cnemidophorus  sexlineatus  tesselatus. 

Cope  (1892a)  revised  the  genus  Cnemidophorus  and  reestablished 
Cnemidophorus  tesselatus  tesselatus  to  include  forms  of  western  Texas, 
New  Mexico,  and  north-central  Mexico.  Concurrently,  he  described  a 
new  species  east  of  the  Continental  Divide,  C.  variolosus,  from  Parras, 
Coahuila.  Cope’s  (1900)  posthumous  review  of  Cnemidophorus  reduced 
C.  variolosus  to  a  race  of  C.  tesselatus  and  recognized  C.  tesselatus 
tesselatus  as  occurring  north  (New  Mexico  and  Texas)  of  C.  variolosus 
(Coahuila).  He  recognized  C.  grahammi  grahammi  as  a  similar,  but 
distinct  taxon  occurring  in  western  Texas.  Gadow  (1906)  synonymized  C. 
tesselatus  variolosus  into  C.  melanostethus  on  the  assumption  that  the 
black-chested  races  were  continuous  from  southern  Coahuila,  across  the 
Continental  Divide,  into  southern  Arizona. 

The  preceeding  nomenclatural  arrangement  prevailed  prior  to  Burt’s 
(1931)  monograph  of  the  genus  Cnemidophorus.  Burt  allocated  C. 
grahamii,  C.  variolosus,  C.  melanostethus,  C.  marmoratus  and  C.  tigris, 
all  previously  thought  to  occur  east  of  the  Continental  Divide,  into  the 
synonymy  of  C.  tesselatus  tesselatus.  Stejneger  and  Barbour  (1933)  did 
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not  follow  Burt’s  arrangement,  but  chose  to  recognize  C.  grahamii,  C. 
variolosus,  C.  melanostethus,  and  C.  tesselatus  tesselatus  as  forms 
occurring  east  of  the  Continental  Divide.  These  groupings  persisted  until 
Smith  (1946)  resurrected  C.  tesselatus  aethiops  to  replace  C. 
melanostethus.  He  did,  however,  consider  the  population  from  southern 
Coahuila,  also  previously  referred  to  as  melanostethus ,  to  be  synonymous 
with  C.  tesselatus  tesselatus. 

Smith  and  Burger  (1949)  initiated  the  latest  nomenclatural  stabilization 
of  taxa  involved  in  the  preceding  discourse.  They  discovered  that  the 
lizard  described  by  Say  (1823)  as  Ameiva  ( Cnemidophorus )  tesselata  was 
collected  east  of  the  Continental  Divide  in  Colorado.  The  only  lizard 
inhabiting  that  region  agreeing  with  Say’s  description  was  known  as  C. 
grahamii  of  Baird  and  Girard  (1852b).  Smith  and  Burger  also  pointed  out 
that  the  specific  epithet  tesselatus  chronologically  superceded  grahamii. 
C.  tigris  then  was  revived,  as  the  oldest  synonym,  to  include  the 
subspecies  previously  allocated  to  C.  tesselatus.  They  recognized  seven 
races  of  C.  tigris,  allocating  populations  east  of  the  Continental  Divide 
to  C.  tigris  tigris.  Burger  (1950)  described  a  new  subspecies  of  C.  tigris, 
septentrionalis ,  and  revived  four  others,  designating  marmoratus  the  race 
east  of  the  Continental  Divide. 

Cnemidophorus  tigris  marmoratus  was  the  only  subspecies  recognized 
east  of  the  Continental  Divide  prior  to  Zweifel’s  (1959)  resurrection  of 
C.  tigris  variolosus.  This  form  from  southern  Coahuila  and  northwestern 
Durango,  Mexico,  was  previously  the  southern  black-chested  variant  of 
C.  tigris  marmoratus.  Williams  et  al.  (1960)  immediately  followed  the 
resurrection  of  variolosus  with  the  description  of  a  new  subspecies,  C. 
tigris  pulcher ,  occupying  a  narrow  range  between  that  of  C.  tigris 
marmoratus  and  C.  tigris  variolosus.  Although  C.  tigris  marmoratus  and 
C.  tigris  variolosus  were  widely  recognized,  the  only  published  mention 
of  C.  tigris  pulcher  appears  in  a  list  of  new  taxa  from  Mexico  (Smith 
and  Taylor,  1966). 

Prior  to  this  paper  Cnemidophorus  tigris  included  16  named  subspecies 
(i aethiops ,  celeripes,  dickersoni,  gracilis,  marmoratus,  martyris,  maximus, 
multiscutatus,  mundus,  pulcher,  punctatus,  rubidus,  septentrionalis, 
stejnegeri,  tigris,  and  variolosus)  and  three  insular  species  of  the  tigris 
group  ( bacatus ,  canus,  and  catalinensis ),  which  may  represent  races  of  C. 
tigris.  General  accounts  of  C.  tigris  include  those  of  Smith  (1946)  and 
Stebbins  (1954,  1966).  The  ubiquity  of  C.  tigris  within  its  range  has 
facilitated  numerous  ecological  and  physiological  investigations.  An 
opulent  portion  of  the  C.  tigris  literature  pertains  to  ecological  reports 
of  local  areas  (Lewis,  1950;  Milstead,  1957a,  1957b,  1959,  1961;  Hayward 
et  al.,  1958;  McKinney  and  Ballinger,  1966;  Jorganson  and  Tanner,  1963; 
Tanner,  1965;  Turner  and  Gist,  1965;  Degenhardt,  1966,  1978;  Banta, 
1967;  Echternacht,  1967;  Medica,  1967;  Turner  and  Lannon,  1968; 
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Johnson,  1969;  Turner  et  al.,  1969;  Parker,  1972;  Schall,  1977),  although 
several  studies  were  devoted  to  large  areas  of  the  range  (McCoy,  1966; 
Pianka,  1967,  1970;  Case,  1983;  Hendricks  and  Dixon,  1986). 
Physiological  studies  include  those  by  Cork  (1949),  Dawson  and  Paulson 
(1962),  Willard  (1967),  Campbell  (1969),  Larsen  et  al.  (1969),  Neaves 
(1969),  Asplund  (1970),  and  Gafney  and  Fitzpatrick  (1973).  Notable 
histological  studies  include  those  of  Gabe  and  Saint  Girons  (1965), 
Goldberg  and  Lowe  (1966),  Lowe  and  Goldberg  (1966),  Porter  (1967), 
and  Currie  and  Taylor  (1970).  Studies  important  to  reproductive 
structures  and  strategies  of  C.  tigris  are  those  of  Shaw  (1952),  Goldberg 
and  Lowe  (1966),  McCoy  and  Hoddenbach  (1966),  McCoy  (1966), 
Medica  (1967),  Currie  and  Taylor  (1970),  Pianka  (1970),  and  Parker 
(1972,  1973),  Schall  (1978),  and  Hendricks  and  Dixon  (1984).  Analyses 
of  food  and  feeding  habits  have  been  important  for  understanding 
ecological  limitations  (Howes,  1954;  Milstead,  1957a,  1965;  Johnson, 
1966;  McCoy,  1966;  Medica,  1967;  Milstead  and  Tinkle,  1969;  Pianka, 
1970;  Scudday  and  Dixon,  1973;  Best  and  Gennaro,  1985).  Several 
important  karyological  studies  (Pennock,  1966;  Lowe  and  Wright,  1967; 
Cole  et  al.,  1969;  Gorman,  1970;  Lowe  et  al.,  1970a,  1970b)  throughout 
the  range  of  C.  tigris  indicate  remarkable  stability  of  the  chromosomes. 
Other  specialized  studies  include  tongue  structure  (Presch,  1971), 
parasites  (Allred  and  Beck,  1962;  Specian  and  Ubelaker,  1974a,  1974b; 
Goff  and  Loomis,  1978);  serum  proteins  (Dessauer  et  al.,  1962;  Dessauer 
and  Cole,  1984),  blood  parasites  (Ayala  and  Schall,  1977),  and  fossils 
(Brattstrom,  1953,  1954;  Estes,  1964,  1969,  1970). 

Distributional  accounts  of  C.  tigris  (Brown,  1950;  Chrapliwy  and 
Fugler,  1955;  Lowe,  1955;  Gates,  1957;  Williams  and  Smith,  1958;  Axtell, 
1959;  Tinkle,  1959;  Milstead,  1960,  1978;  Webb,  1960;  Williams,  1960; 
Smith  et  al.,  1963;  Banta,  1965;  Smith  et  al.,  1965;  Montanucci,  1968; 
Taylor,  1968;  Scudday,  1978;  Vance,  1978)  are  copious  but  pertinent  to 
understanding  the  geographic  range  and  the  factors  limiting  distribution. 

Osteological  studies  of  C.  tigris  are  uncommon,  but  include  those  of 
Cope  (1892b),  Sinitsen  (1928),  DuBois  (1943),  Fisher  and  Tanner  (1970), 
Presch  (1970),  and  Hendricks  (1985),  only  the  latter  study  including 
specimens  east  of  the  Continental  Divide.  Color  pattern  variation  in  C. 
tigris  has  been  documented  (Gadow,  1906;  Lewis,  1951;  Ferguson  et  al., 
1958;  Walker  and  Maslin,  1965). 

The  distribution  of  Cnemidophorus  marmoratus  is  east  of  the 
Continental  Divide,  roughly  east  of  the  108th  Meridian,  including  central 
and  southern  New  Mexico,  western  Texas  and  north-central  Mexico 
(Map  79,  Morafka,  1977).  A  contact  area  between  C.  marmoratus  and 
C.  tigris  gracilis  occurs  in  southwestern  New  Mexico. 

The  purpose  of  this  study  was  to  examine  geographic  trends  in 
variation  of  selected  features  of  scutellation  and  color  pattern,  and  to 
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attempt  to  synthesize  these  features  for  an  interpretation  of  the 
evolutionary  history  of  Cnemidophorus  marmoratus. 

Methods  and  Materials 

In  the  analyses  of  scutellation  and  color  pattern,  2163  specimens  from  436  different 
localities  were  examined.  Complete  scale  counts  were  taken  on  1095  specimens.  The  large 
number  of  separate  localities,  often  represented  by  single  specimens,  necessitated  combining 
geographically  adjacent  localities  into  fewer  samples  with  greater  numbers  of  specimens  for 
meaningful  statistical  analyses.  Specimens  from  each  locality  were  carefully  examined  for 
similarities  in  scutellation  and  color  patterns,  and  localities  were  combined  in  the  absence 
of  obvious  physiographic  barriers. 

Primary  concern  in  determining  the  geographic  continuity  of  a  sample  was  the 
topographic  relief  and  vegetation  density.  Axtell  (1959)  reported  that  C.  tigris  marmoratus 
from  the  Black  Gap  Wildlife  Management  Area  in  Brewster  Co.,  Texas  “usually  inhabited 
areas  of  little  vertical  relief.”  Zweifel’s  (1962)  study  of  the  gracilis-marmoratus  contact  zone 
in  southwestern  New  Mexico  lead  him  to  conclude  that  C.  tigris  in  that  area  is  intolerant 
of  dense  vegetation,  such  as  pure  grassland,  and  absent  or  exceedingly  rare  even  in  areas 
of  heavy  shrubs  and  relatively  dense  grass.  Optimum  populations  were  supported  on  alluvial 
fans  with  creosote  bush  ( Larrea  tridentata)  or  open  sandy  areas  with  creosote  bush  and 
mesquite  ( Prosopis ).  Ruthven  (1907)  reported  on  the  habitat  of  C.  marmoratus  (=C. 
melanostethus)  from  the  vicinity  of  Alamogordo,  Otero  Co.,  New  Mexico,  and  indicated 
that  the  “habitat  of  this  lizard  at  Alamogordo  is  very  well  defined,  as  it  is  found  in  the 
creosote  bush  association  on  the  alluvial  slopes  and  only  slightly  exceeds  the  limits  of  this 
habitat.  It  is  very  common  in  this  habitat,  being  as  characteristic  of  these  conditions  as  is 
the  creosote  bush.”  Zweifel  (1959)  indicated  that  C.  marmoratus  variolosus,  in  the  southern 
segment  of  the  range  of  C.  marmoratus,  occupied  similar  habitats  to  those  found  in  the 
northern  part  of  the  study  area,  namely  the  rocky  desert  floor  and  sand  duneswvith  creosote 
bushes  and  mesquite.  Williams  et  al.  (1960)  presented  a  similar  habitat  description  for  C. 
marmoratus  pulcher ,  indicating  specimens  were  found  “in  low-lying  sand  dunes  and 
adjacent  areas  with  sparse  vegetation  consisting  principally  of  creosote  bush  and  mesquite.” 
Our  observations  on  sites  yielding  C.  marmoratus,  collected  in  the  spring  and  summer 
months  of  1972  and  1973,  and  the  spring  of  1974,  agree  closely  with  those  of  earlier 
workers.  Cnemidophorus  marmoratus  never  was  encountered  in  dense  grass  or  shrubs,  or 
on  inclines  exceeding  30°,  rarely  on  those  exceeding  15°.  It  was  also  unusual  to  encounter 
C.  marmoratus  in  areas  not  including  creosote  bushes  as  a  dominant  vegetational  type.  In 
the  few  areas  lacking  cfeosote  bushes,  C.  marmoratus  frequented  mesquite  hummocks  in 
the  sandy  terrain.  C.  marmoratus  never  was  found  at  elevations  exceeding  5000  feet,  and 
was  fairly  uncommon  at  elevations  exceeding  4000  feet.  Consequently,  localities  were 
combined  over  known  areas  of  sparse  vegetation,  characterized  by  creosote  bushes  or 
mesquite  on  hard  desert  floor  or  sand,  and  when  the  topographic  relief  was  less  than  5000 
feet  or  intermittent  slopes  were  less  than  30°  grade.  Figure  2  illustrates  the  major 
topographic  dispersal  barriers  to  C.  tigris,  black  areas  indicate  elevations  greater  than  5000 
feet  or  major  inclines  with  greater  than  a  30°  slope.  Based  on  the  above  criteria,  all 
specimens  were  grouped  into  geographic  samples  numbered  1  to  40.  Another  sample, 
treated  in  the  various  statistical  analyses  and  identified  as  sample  A,  is  composed  of  the 
two  “cotypes”  of  C.  marmoratus  from  the  indefinite  locality  of  “between  San  Antonio  and 
El  Paso  del  Norte.”  All  subsequent  statistical  analyses  are  based  on  these  samples. 

Nineteen  characters  of  scutellation,  some  established  in  the  literature  and  others  believed 
to  show  geographic  trends  of  variation,  were  originally  examined.  Nine  of  these  characters 
were  either  practically  invariable  throughout  the  range  of  C.  marmoratus  (numbers  of 
supercilliaries,  supralabials,  infralabials,  and  preanal  scales)  or  varied  erratically  (numbers 
of  chinshields,  anterior  progression  of  interlabials,  preocular  contact  with  superciliaries, 
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Figure  2.  Topographic  relief  within  the  range  of  Cnemidophorus  marmoratus.  Dark  areas 
indicate  inclines  with  greater  than  30  percent  grade  and  elevations  over  5000  feet. 


loreal  contact  with  second  supralabial,  and  the  positions  and  numbers  of  scales  included 
in  the  subocular-preocular-loreal  area)  and,  therefore,  were  not  included  in  the  analyses. 
Ten  other  features  of  scutellation  appear  to  be  be  somewhat  more  dependable  for  defining 
geographic  variation  and  are  defined  below: 

GAB. — Granules  around  body  midway  between  axilla  and  groin,  exclusive  of  ventral 
plates. 

GIPBT. — Granules  along  the  middorsal  line  from  interparietal  to  base  of  tail,  where 
keeled  platelike  caudal  scales  begin. 
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GMP. — Granules  along  the  midventral  line  from  the  mesoptychials,  anteriorly  to  their 
termination,  either  at  the  postmental  or  between  the  first  pair  of  chinshields. 

DL. — The  combined  number  of  subdigital  lamellae  on  the  fourth  toes  of  the  left  and  right 
pes. 

FP.  -The  sum  of  the  left  and  right  femoral  pores. 

ANCO. — Anterior  intrusion  of  the  circumorbital  scales  (defined  by  Zweifel,  1965:fig.  6). 
Four  conditions  may  exist  and  are  recorded  only  on  the  left  side  of  each  specimen. 
Condition  I  allows  contact  between  the  frontoparietal  and  the  3rd  supraocular  and  the 
frontal  with  supraoculars  2  and  3.  Condition  II  allows  only  frontal  contact  with 
supraoculars  2  and  3.  Condition  III  allows  frontal  contact  only  with  supraocular  2. 
Condition  IV  allows  no  contact  between  frontal  or  frontoparietal  and  supraoculars  2  and 
3. 

GBSC. — Granules  between  supercilliaries  and  supraoculars,  anterior  to  posterior  margin 
of  supraocular  2.  Combined  count  of  both  sides. 

LSORS.  —  Maximum  number  of  rows  of  lateral  supraocular  granules  between  supraocular 
3  and  superciliaries.  Combined  number  on  both  sides. 

LSOG. — Lateral  supraocular  granules,  anterior  to  a  line  from  the  posterior  margin  of  the 
last  superciliary  to  the  poste.rior  margin  of  the  last  supraocular.  Combined  number  of  both 
sides. 

COS. — Circumorbital  scales,  anterior  to  a  line  between  the  sutures  of  the  third  and  fourth 
supraocular  and  the  frontoparietal  and  lateral  parietal. 

Each  scale  character  was  tested  for  sexual  and  ontogenetic  variation  as  well  as  geographic 
variation. 

Pianka  (1970),  who  examined  the  more  western  subspecies  of  C.  tigris,  reported  that  the 
smallest  female  in  reproductive  condition  was  71  mm  in  snout-vent  length  (SVL).  Scudday 
(1971)  examined  specimens  of  C.  marmoratus  from  western  Texas  and  found  a 
reproductively  active  female  with  a  SVL  of  68  mm.  For  purposes  of  this  study,  males  were 
considered  sexually  mature  adults  when  they  had  grown  to  a  size  comparable  to  the  size 
class  for  sexually  mature  females.  For  convenience,  those  specimens  70  mm  or  more  in  SVL 
were  considered  to  be  adults,  and  those  less  than  70  mm  in  SVL  were  referred  to  as 
subadults,  with  specimens  less  than  50  mm  in  SVL  occasionally  discussed  separately  as 
juveniles. 

In  addition  to  the  above  scale  features,  snout-vent  length  (SVL),  total  length  (TOTL), 
tail  condition  (entire,  broken,  or  regenerated),  sex,  and  collection  date  were  recorded. 

Each  specimen  was  assigned  a  dorsal  pattern  number,  corresponding  to  one  of  the  24 
basic  types  shown  in  Figure  3.  Each  specimen  also  was  assigned  a  throat  pattern  number, 
corresponding  to  one  of  the  nine  illustrated  in  Figure  4,  and  a  ventral  pattern  number,  most 
like  one  of  the  nine  in  Figure  5.  Each  color  pattern  characteristic  is  examined  for  sexual 
and  ontogenetic  development  as  well  as  geographic  variation. 

The  statistical  analyses  of  the  features  of  scutellation  and  color  patterns  were  performed 
on  an  IBM  360  computer  at  Texas  A&M  University.  Two  program  libraries  were  used,  the 
Statistical  Analysis  System  (SAS),  designed  and  implemented  by  Barr  and  Goodnight 
(Service,  1972),  and  the  Numerical  Taxonomy  System  (NT-SYS)  programs  developed  by 
Rohlf  and  Kishpaugh  (1972).  The  univariate  statistics,  the  analysis  of  variance  (ANOVA), 
and  the  multivariate  statistics  of  variance  (MANOVA)  used  in  analysis  of  scutellation  data 
were  generated  by  SAS.  The  univariate  statistics  included  the  mean,  standard  deviation,  and 
coefficient  of  variation.  The  ANOVA  employs  an  F-test  on  a  single  classification  variable 
and  is  used  to  test  characters  for  statistical  differences  between  sexes  and  between  the  broad 
categories  of  adult  as  opposed  to  subadult. 

The  multivariate  techniques  were  employed  to  analyze  scutellation  and  color  pattern  data. 
The  MANOVA  program  maximizes  characters  that  exhibit  the  greatest  among-sample 
variation  and  the  least  within-sample  variation,  thus  enhancing  the  distinctions  of  groups 
based  on  combinations  of  characters  that  often  are  not  obvious  with  univariate  statistics. 
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Figure  3.  The  24  representative  dorsal  and  lateral  patterns  used  as  standards  for 
Cnemidophorus  marmoratus.  Patterns  are  numbered  sequentially.  Vertical  line  between 
dorsal  pattern  on  left  and  lateral  pattern  on  right  equals  one  centimeter. 
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Figure  3.  Continued. 


SYSTEM ATICS  AND  BIOGEOGRAPHY  OF  CNEMIDOPHORUS  339 


Figure  3.  Continued. 
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The  program  extracts  characteristic  roots  and  vectors  and  a  mean  canonical  variate  for  each 
vector  for  each  location.  In  each  case  the  first  two  vectors  comprise  the  major  portion  of 
the  total  variation  and  the  means  of  the  first  two  canonical  variates  of  each  sample  were 
plotted  on  a  bivariate  scattergram.  The  relative  importance  of  each  character  to  the 
canonical  variate  was  determined  by  multiplying  the  vector  variable  coefficient  by  the  mean 
value  of  the  character.  These  variable  values  for  a  particular  vector  then  were  summed  and 
the  relative  percent  of  each  variable  was  computed. 

An  additional  analysis  of  the  scutellation  data  included  clustering  the  mean  scale  count 
values  for  each  sample.  The  clustering  was  performed  on  mean  values  by  the  NT-SYS 
program  using  the  UPGMA  (unweighted  pair  group  method  using  arithmetic  averages)  on 
standardized  character  values  to  generate  correlation  and  distance  matrices.  Cophenetic 
correlation  values  between  the  two  different  matrices  and  their  resulting  phenograms  did 
not  differ  markedly.  However,  phenograms  of  the  correlation  matrices  usually  produced 
more  geographically  realistic  clusters,  and,  therefore,  are  presented  in  this  study. 

The  dorsal  pattern  analysis  quickly  revealed  an  ontogenetic  trend  in  dorsal  pattern 
development  from  hatchling  to  adult.  Sexually  mature  adults  (SVL  >  70  mm),  however, 
showed  little  trend  for  further  pattern  development.  Frequencies  of  the  24  different  types 
of  dorsal  patterns  within  each  sample  were  computed  for  all  specimens  greater  than  69  mm 
SVL  and  were  segregated  by  sex.  Clustering  techniques  described  above,  using  NT-SYS, 
revealed  both  sexes  of  a  sample  clustered  near  one  another  and  were  then  combined.  The 
resulting  analyses  were  performed  on  the  combined  sexes  and  included  all  samples  with  at 
least  10  specimens.  Preliminary  analyses  of  the  throat  and  ventral  patterns  using  clustering 
techniques  indicated  a  great  disparity  between  adults,  subadults,  and  the  sexes. 
Consequently,  only  adult  males  were  used  in  the  final  analyses. 

The  specimens  of  C.  marmoratus  examined  for  the  various  studies  were  collected  by  the 
authors  from  1972  to  1974,  or  were  borrowed  from  the  following  museums  and  private 
collections. 

AMNH,  American  Museum  of  Natural  History;  ANSP,  Academy  of  Natural  Sciences  of 
Philadelphia;  ASUC,  Angelo  State  University  Collection;  BCB,  Bryce  C.  Brown  personal 
collection  (Baylor  University);  BYU,  Brigham  Young  University;  CM,  Carnegie  Museum; 
CU,  Cornell  University;  EAL,  Ernest  A.  Liner  personal  collection  (Houma,  Louisiana); 
FMNH,  Field  Museum  of  Natural  History;  FWM,  Fort  Worth  Museum  of  Science  and 
History;  KU,  University  of  Kansas,  Museum  of  Natural  History;  LACM,  Los  Angeles 
County  Museum  of  Natural  History;  LSUMZ,  Louisiana  State  University  Museum  of 
Zoology;  UTEP,  University  of  Texas  at  El  Paso;  MCZ,  Museum  of  Comparative  Zoology, 
Harvard  University;  UOMZ,  University  of  Oklahoma  Stovall  Museum;  NLU,  Northeast 
Louisiana  University;  NMSU,  New  Mexico  State  University;  RWA,  Ralph  W.  Axtell 
personal  collection  (Southern  Illinois  University,  Edwardsville);  SMBU,  Strecker  Museum, 
Baylor  University;  SRSU,  Sul  Ross  State  University;  TCWC,  Texas  Cooperative  Wildlife 
Collection;  TNHC,  Texas  Memorial  Museum,  Texas  Natural  History  Collection;  TTU, 
Texas  Tech  University  Museum;  UCM,  University  of  Colorado  Museum  of  Natural  History; 
UF,  University  of  Florida,  Florida  State  Museum;  UIMNH,  University  of  Illinois,  Museum 
of  Natural  History;  UMMZ,  University  of  Michigan,  Museum  of  Zoology;  MSB,  University 
of  New  Mexico,  Museum  of  Southwestern  Biology;  USL,  University  of  Southwestern 
Louisiana;  USNM,  National  Museum  of  Natural  History. 

Scutellation 

Nongeographic  Variation 

A  primary  concern  in  any  study  of  geographic  variation  is  the  extent 
of  nongeographic  variation  of  the  characters  employed  in  the  study. 
Several  of  the  larger  samples  (numbers  3,  15,  24,  27,  34,  36,  39,  and  40 
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Figure  4.  Diagramatic  throat  patterns  used  as  representative  standards  for  Cnemidophorus 
marmoratus. 


of  Fig.  6)  were  examined  for  ontogenetic,  sexual,  and  individual 
variation.  The  ontogenetic  analysis  consists  of  an  ANOVA  for  all  10  scale 
characters  between  the  broad  groups  of  adults  (>  70  mm  SVL)  and 
subadults  (<  70  mm  SVL).  No  consistent  pattern  of  ontogenetic  variation 
emerged  (see  Hendricks,  1975)  and  all  subsequent  analyses  of  scutal 
variation  included  all  size  classes.  It  should  be  noted  that  the  number  of 
sexually  mature  adults  far  exceeds  the  number  of  subadults  in  virtually 
all  samples. 

The  same  areas  examined  for  ontogenetic  variation  were  examined  for 
sexual  variation.  The  probabilities  that  the  sexes  are  not  significantly 
different  also  seemed  apparent,  except  for  subdigital  lamellae  (DL).  The 
character  DL  indicated  significant  differences  (P  <  .05)  in  three  of  the 
seven  samples.  Also,  in  each  case,  the  DL  mean  was  higher  in  males.  This 
prompted  multivariate  analyses  (MANOVA  and  clustering)  with  and 
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Figure  5.  Diagramatic  ventral  patterns  used  as  representative  standards  for  Cnemidophorus 
marmoratus. 


without  the  character  DL.  The  basic  groupings  with  and  without  DL 
remained  the  same  and  that  character  was,  therefore,  retained  in  future 
analyses. 

Individual  variation  within  each  sample  was  assessed  for  all  samples. 
The  eight  samples  listed  above  were  treated  for  ontogenetic  and  sexual 
variation  (see  Hendricks,  1975).  The  characters  GAB,  GIPBT,  GMP,  DL, 
and  FP  have  coefficients  of  variation  (CV)  less  than  10  percent  in  each 
sample,  whereas  the  other  five  characters  (ANCO,  GBSC,  LSORS, 
LSOG,  and  COS)  have  CV’s  exceeding  10  percent  in  each  sample.  The 
values  of  these  latter  five  characters  must  be  suspect  even  though  each 
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character,  variable  as  it  appears,  indicates  some  microgeographic  trends 
for  determining  gene  flow  between  demes. 

The  minimum  and  maximum  values  in  most  characters  at  most 
localities  exhibit  a  broad  range  of  variation.  It  was  our  impression 
throughout  the  analysis  of  scutellation  data  that  samples  consisting  of 
less  than  20  specimens  are  often  unreliable,  due  to  sampling  error,  for 
interpreting  geographic  trends  in  character  variation. 

Geographic  Variation 

Univariate  analyses. — Analysis  of  geographic  variation  employed  the  40 
samples  shown  in  Figure  6.  The  analysis  also  included  the  two  syntypes 
of  C.  marmoratus  from  the  indefinite  locality  of  “between  San  Antonio 
and  El  Paso  del  Norte”  identified  as  sample  A.  Univariate  statistics, 
(mean,  standard  deviation,  and  minimum  and  maximum  values)  for  each 
character  within  each  sample  are  presented  in  Table  1. 

Multivariate  analyses. — An  analysis  of  the  geographic  trends  of  various 
characters  (Table  1)  indicates  that  each  character  presents  a  slightly 
different  concept  of  the  continuum  of  populations  and  suspected  gene 
flow.  Several  areas  within  the  range  do,  however,  begin  to  emerge  as 
rather  consistent  units  of  variation,  with  fluctuating  boundaries,  but 
generally  indicate  some  lack  of  free  gene  flow  between  neighboring  areas. 
With  the  broad  mosaics  of  variation  in  most  characters,  it  is  difficult  to 
define  the  perpetuating  units  on  the  basis  of  single  characters,  and  it  is 
at  least  as  difficult  to  mentally  synthesize  all  the  characters 
simultaneously  and  emerge  with  multi-character  patterns  of  variation. 
Multivariate  statistical  techniques  provide  a  mechanism  for  such  analyses 
and  also  may  serve  to  simplify  descriptions  of  characters. 

The  multivariate  statistical  techniques  for  analyzing  the  scutellation 
data  here  are  a  multivariate  analysis  of  variance  (MANOVA)  and 
clustering  using  unweighted  pair  group  arithmetic  averages  (UPGMA), 
both  techniques  having  been  reviewed  previously. 

The  first  phase  of  the  MANOVA  assessed  all  10  characters  of 
scutellation  simultaneously  in  an  effort  to  maximize  distinctness  due  to 
all  geographic  locations  (samples  A,  1-40),  each  considered  as  a  separate 
entity.  The  first  two  characteristic  roots  were  significant  and  the  resulting 
characteristic  vectors  accounted  for  64.3  percent  (vector  I,  40.7  percent; 
vector  II,  23.6  percent)  of  the  total  variation.  The  first  two  characteristic 
vectors  of  each  sample  are  plotted  in  a  bivariate  scattergram  in  Figure 
7. 

Figure  7  must  be  considered  in  two  phases.  Because  vector  I  accounts 
for  almost  twice  the  total  variation  (40.7  percent)  as  does  vector  II  (23.6 
percent),  one  must  consider  the  spread  created  by  this  vector  as  the 
primary  dichotomy  exhibited  by  the  analysis.  The  horizontal  distribution 
of  Figure  7  indicates  a  divergence  of  the  samples  in  the  extreme  southern 


344 


THE  TEXAS  JOURNAL  OF  SCIENCE — VOL.  38,  NO.  4,  1986 


Figure  6.  Specific  localities  for  Cnemidophorus  marmoratus  indicated  by  solid  dots.  Lines 
enclose  localities  grouped  into  samples  1-40  for  the  systematic  analyses. 


portion  of  the  range  (samples  34-40)  from  the  other  more  northerly 
samples.  A  more  subtle  break  occurs  between  samples  34-37  and  38-40, 
dividing  the  southern  samples  into  the  relatively  homogeneous  groups  of 
an  eastern  and  western  component.  Vector  I  indicates  little  distinction 
between  the  samples  north  of  samples  34-40  other  than  samples  19,  21, 
22,  and  33.  The  disjunctiveness  of  sample  19,  represented  by  only  four 
specimens,  probably  results  from  sampling  error  rather  than  inherent 


Table  1.  Univariate  statistics  for  each  scutellation  character  for  each  sample  of  Cnemidophorus  marmoratus.  Sample  numbers  correspond  to  the 
geographic  areas  of  Figure  6;  sample  size  (N)  beneath  each  sample  number;  included  is  sample  mean  (x),  one  standard  deviation  (SD),  and 
range  (R). 
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distinctness.  Samples  21  and  22,  consisting  of  37  and  21  specimens, 
respectively,  are  likely  intermediates  due  to  the  character  shifts  occurring 
over  rather  confined  geographic  areas.  Referring  to  Figure  6,  one  can 
establish  a  geographic  continuum  from  sample  20  to  21,  then  21-22,  and 
22  into  40.  Such  a  great  disparity  among  numerically  well-represented, 
geographically  continuous  populations  must  indicate  a  fairly  abrupt 
character  shift. 

Another  sample,  33,  similar  to  the  previous  example,  is  intermediate 
between  the  northern  and  southern  samples.  Sample  33  is  geographically 
intermediate  between  sample  32  to  the  north  and  sample  34  to  the  south. 
Its  intermediacy  between  the  geographically  close  but  statistically  diverse 
samples  either  side  of  it  seems  realistic  in  spite  of  the  small  sample  size 
(four). 

The  second  dimension  of  Figure  7  is  indicated  by  the  spread  on  the 
vertical  axis,  accounting  for  23.6  percent  of  the  total  variation  within  the 
analysis.  No  further  divergence  between  the  extreme  southern  samples 
(34-40)  is  apparent.  The  more  northern  component,  however,  is  spread, 
but  without  clearcut  divisions.  By  attempting  to  relate  geographic  areas 
to  the  vertical  component,  one  recognizes  three  general  geographic  areas. 
The  upper  portion  of  the  vertical  component,  samples  24-32,  conforms 
largely  to  the  continuum  of  samples  in  the  upper  Bolson  de  Mapimi.  The 
middle  component  of  the  vertical  axis,  samples  A,  1-5,  7,  8,  and  12, 
conforms  to  the  western  and  northwestern  segments  of  the  range.  The 
lower  segment  of  the  vertical  axis  represents  those  samples  from  the 
Pecos  River  drainage  of  Texas,  the  Big  Bend  area  of  Texas,  the  lower 
Rio  Grande  drainage  and  east-central  Chihuahua,  Mexico.  As  stated 
previously,  the  transition  from  group  to  group  is  rather  smooth,  although 
obviously  some  coherence  of  scutal  variation  must  exist  within  each 
geographic  area. 

Two  enigmatic  samples  occur  within  the  rather  reasonable  geographic 
placement  along  the  vertical  axis  of  Figure  7.  Each  is  from  the  southern 
portion  of  the  range,  samples  20  and  23. 

Sample  20,  the  area  including  the  Cuatro  Cienegas  Basin,  may 
represent  either  a  rather  genetically  sheltered  population  of  C. 
marmoratus,  as  are  several  other  endemic  vertebrate  species  or  subspecies 
in  the  Cuatro  Cienegas  Basin,  or,  more  likely,  represents  a  “cross-roads” 
for  gene  flow  from  several  different  sources.  Sample  20  conceivably  could 
receive  genetic  influence  from  several  morphologically  divergent 
populations.  It  is  linked  to  the  morphologically  divergent  sample  40  in 
the  southeast  by  the  continuum  of  samples  21  and  22.  Sample  35  to  the 
south  is  also  quite  different  from  sample  20,  but  is  linked  to  it  through 
sample  23.  From  the  west,  sample  24  is  continuous  with  sample  20  and 
the  upper  Bolson  de  Mapimi.  The  northwestern  portions  of  sample  20 
also  could  be  continuous  with  samples  12  or  13. 
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Figure  7.  Dispersion  on  Vectors  I  and  II  of  all  samples  of  Cnemidophorus  marmoratus 
from  multivariate  analysis  of  variance  of  10  scutellation  characters.  Circled  numbers 
correspond  to  the  sample  numbers  of  Figure  6. 


The  other  sample  not  conforming  to  any  geographic  area  is  sample  23. 
It  is  connected  by  a  continuum  of  individuals  to  sample  20  to  the  north 
and  separated  from  sample  35  to  the  south  by  a  narrow  intermontane 
pass  no  more  than  a  few  hundred  meters  long.  Given  special 
environmental  conditions,  particularly  long  periods  of  drought,  the 
distinct  populations  on  either  side  of  the  pass  surely  come  into  contact. 
The  more  northern  genetic  base  is  probably  inundated  rather  quickly  by 
the  large  population  in  the  south,  whereas  the  rather  isolated  deme  on 
the  north  side  of  the  pass  retains  and  maintains  proportionately  more  of 
the  southern  genetic  influence,  accounting  for  its  geographic 
nonconformity  in  Figure  7. 

The  bivariate  scattergram  obtained  from  the  MANOVA  indicates  the 
general  groupings  of  the  various  samples,  but  often  leaves  an  aura  of 
mystique  as  to  what  combination  of  characters  contributed  to  the 
spreading  apart  of  samples  or  groups  of  samples.  The  points  of  the 
bivariate  scattergram  correspond  to  the  summation  of  the  weighted 
vector  variable  coefficient  of  each  character  times  the  mean  value  of  each 
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Table  2.  Vector  variable  coefficients  and  relative  influences  of  scutellation  characters 
generated  in  the  multivariate  analysis  of  variance  of  all  samples  (Fig.  6)  of 
Cnemidophorus  marmoratus. 


Character 

Vector  I 

Vector  II 

Coefficient 

% 

Coefficient 

% 

GAB 

0.00025768 

2.7 

0.00180623 

11.2 

GIPBT 

-0.00087556 

-18.73 

-0.00158856 

-20.5 

GMP 

-0.00039439 

-2.1 

0.00303144 

9.7 

DL 

-0.00322457 

-24.5 

0.00716294 

32.8 

FP 

0.00260984 

13.0 

-0.00450103 

-13.5 

ANCO 

0.0365821 1 

9.7 

0.01598181 

2.6 

GBSC 

-0.00504972 

-11.5 

0.00011368 

0.2 

LSORS 

-0.00564839 

-2.8 

0.01414671 

4.2 

LSOG 

0.00195724 

13.7 

-0.00124358 

-5.3 

COS 

-0.00073195 

-1.4 

-0.00015349 

-0.2 

character  of  a  particular  sample.  Vector  I  includes  the  combination  of 
characters  that  indicate  the  maximum  distinctness  between  samples,  and 
then  vector  II  encompasses  the  second  best  combination  of  characters, 
independent  of  vector  I,  that  maximize  the  distinctness  between  the 
samples.  Inasmuch  as  each  vector  assesses  a  different  portion  of  the 
multidimensional  space,  a  different  vector  variable  coefficient  would  be 
unique  to  each  characteristic  root  and  vector. 

Table  2  presents  the  vector  variable  coefficients  for  the  first  two 
vectors.  One  may  take  the  10  character  values  used  in  the  analysis  from 
any  specimen,  or  more  appropriately  the  mean  values  of  the  characters 
from  a  large  series  of  C.  marmoratus ,  and  multiply  the  character  value 
times  the  appropriate  coefficient,  add  the  values  with  respect  to  the 
coefficient  sign,  and  with  the  value  of  each  vector  may  place  the 
specimen,  or  series,  in  question  in  the  appropriate  area  within  Figure  7. 
The  percentage  value  of  each  character  within  the  respective  vector  is 
computed  using  the  mean  value  of  each  character  for  all  specimens  used 
in  the  analysis.  Table  2  indicates  the  relative  percentage  influence  of  each 
character  in  the  vector  that  indicates  the  spreading  of  the  samples.  The 
spreading  of  the  horizontal  axis  in  general  reflects  the  higher  values  of 
GIPBT,  DL,  and  GNSC,  and  the  lower  values  FP,  ANCO,  and  LSOG 
characteristic  of  those  samples  in  the  left  half  of  Figure  7  and  the  reverse 
of  those  values  present  in  the  right  half  of  the  scattergram.  The  second 
vector  (II)  representing  the  vertical  component  of  Figure  7  is  influenced 
by  the  proportionately  higher  values  of  GAB,  GMP,  and  DL  and  lower 
values  of  GIPBT  and  FP  in  the  upper  portion  of  Figure  7,  those 
character  values  changing  to  proportionately  lower  and  higher  values, 
respectively,  down  the  vertical  axis. 

A  graphic  interpretation  of  the  influence  of  characters  considered 
together  may  be  made  from  Figure  8.  As  the  value  of  each  character 
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Figure  8.  Directional  influence  and  emphasis  of  each  scutellation  character  of  the 
multivariate  analysis  of  variance  of  all  samples  of  Cnemidophorus  marmoratus  (Fig.  7). 
Units  of  each  axis  in  percent. 


differs  among  samples,  the  sample  means  are  distributed  within  the 
bivariate  scattergram  (Fig.  7)  proportional  to  the  relative  influences  of 
the  character  vectors  represented  in  Figure  8. 

The  MANOVA  of  all  samples  revealed  the  groups  consisting  of 
samples  34-37  and  samples  38-40  to  be  distinct  from  all  other  samples 
and  also  from  each  other.  Samples  22  and  33  were  determined  to  be 
intermediate  or  intergrading  samples  between  the  extreme  southern  and 
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Figure  9.  Dispersion  on  Vectors  I  and  II  of  Samples  A,  1-21,  and  23-32  of  Cnemidophorus 
marmoratus  from  multivariate  analysis  of  variance  of  10  scutellation  characters.  Circled 
numbers  correspond  to  the  appropriate  sample  numbers  of  Figure  6. 


more  northern  samples.  Sometimes  the  dichotomy  of  two  quite  distinct 
groups  may  obscure  the  distinctiveness  of  other  groups  within  each  major 
group.  The  next  step  in  the  MANOVA  was,  therefore,  initiated  to 
examine  the  interrelationships  of  the  larger  group  of  samples — A,  1-21, 
23-32.  Samples  21  and  23  were  retained  in  the  analysis  even  though  their 
probable  intermediate  status  has  been  considered  previously. 

The  MANOVA  of  these  more  northern  samples  generated  lower 
characteristic  roots  than  in  the  first  analysis,  indicating  less  distinct 
groups,  but  the  Hotelling-Lawley  Trace,  Pillai  Trace,  Wilks’  Criterion, 
and  Roy’s  Maximum  Root  Criterion  each  indicated  significant  differences 
between  samples  used  in  the  analysis.  The  same  10  characters  used  in  the 
first  MANOVA  were  included  in  the  second.  The  first  and  second 
characteristic  vectors  accounted  for  42.4  percent  and  17.5  percent, 
respectively,  of  the  total  variation. 

A  bivariate  scattergram  of  the  resulting  vectors  I  and  II  values  of  the 
sample  means  are  plotted  in  Figure  9.  The  horizontal  axis,  encompassing 
the  greatest  portion  of  the  variation,  spread  the  samples  in  a  similar 
manner  to  that  shown  on  the  vertical  axis  of  Figure  7.  Three  broad 
geographic  regions  emerge  as  loose  groups.  The  upper  Bolson  de  Mapimi 
on  the  right,  the  Pecos  River,  lower  Rio  Grande  regions,  and  east-central 
Chihuahua  on  the  left,  and  then  the  central,  western,  and  northwestern 
samples  in  between.  The  second  vector,  however,  tends  to  sort  the 
northwestern  samples  from  the  other  samples. 
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Table  3.  Vector  variable  coefficients  and  relative  influences  of  scutellation  characters 
generated  in  the  multivariate  analysis  of  variance  of  samples  A,  1-21,  23-32  (Fig.  6)  of 
Cnemidophorus  marmoratus. 


Character 

Vector  I 

Vector  II 

Coefficient 

% 

Coefficient 

% 

GAB 

0.00215302 

12.4 

0.00043519 

3.6 

GIPBT 

-0.00183431 

-21.4 

-0.00189765 

-32.7 

GMP 

-0.00367837 

10.6 

0.00277487 

11.8 

DL 

0.00783660 

32.3 

0.00176814 

10.8 

FP 

-0.00461719 

-12.6 

-0.00021847 

-0.9 

ANCO 

0.01586231 

2.5 

-0.00316197 

-0.8 

GBSC 

-0.00061864 

-0.6 

-0.00189183 

-3.3 

LSORS 

0.01334037 

3.6 

-0.03400450 

-13.6 

LSOG 

-0.00108205 

-0.2 

0.00259909 

14.7 

COS 

-0.00017076 

-4.1 

-0.00503829 

-7.8 

Several  rather  enigmatic  samples  (12,  21,  and  23)  again  appear.  Sample 
12,  for  instance,  is  the  poorly  collected  region  south  of  the  Big  Bend  of 
Texas.  The  geographically  contiguous  samples  would  be  9,  10,  11,  13,  25, 
24,  or  20,  none  of  which  cluster  near  sample  12  on  the  bivariate 
scattergram.  Even  though  the  sample  consists  of  15  specimens,  we  tend 
to  think  that  its  disassociation  with  all  nearby  localities  must  be  due  to 
sampling  error.  Samples  21  and  23  were  discussed  in  the  previous 
MANOVA  and  their  rather  erratic  properties  of  scutellation  still  seem 
evident  in  the  context  of  intergrades.  It  is  interesting  that  sample  23, 
which  would  appear  to  represent  an  intergrading  population  between 
samples  20  and  35,  continually  clusters  with  the  samples  of  the  upper 
Bolson  de  Mapimi  (samples  24-32).  The  samples  in  that  area  represent 
what  some  workers  had  considered  intergrades  between  the  southern  C. 
marmoratus ,  variolosus  and  the  more  northern  C.  m.  pulcher. 

The  characters  that  separate  the  three  groups  in  Figure  9  are  again  of 
importance.  Table  3  includes  the  vector  variable  coefficient  and  the 
percent  influence  of  each  character  in  the  first  two  vectors.  As  was 
suspected,  different  combinations  of  characters  from  those  found  in  the 
first  MANOVA  tend  to  sort  the  groups.  The  horizontal  plane  of  Figure 
9  is  spread  by  the  proportionately  higher  counts  of  GIPBT  and  FP  to 
the  right  and  the  converse  values  to  the  extreme  left.  Vector  II,  however, 
tends  to  break  the  intermediate  samples  of  vector  I,  primarily  the  western 
and  northwestern  samples,  out  from  the  northeastern  and  southern 
samples.  The  characters  maximizing  the  vertical  spread  of  vector  II  are 
higher  values  of  GMP,  DL,  and  LSOG  and  the  lower  values  of  GIPBT 
and  LSORS  being  in  the  upper  portion  of  Figure  9.  The  lower  and 
higher  values,  respectively,  appear  in  the  lower  portion  of  the 
scattergram.  Figure  10  facilitates  the  interpretation  of  the  relative 
influence  of  characters  upon  the  samples  in  both  dimensions.  In  certain 
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Figure  10.  Directional  influence  and  emphasis  of  each  scutellation  character  of  the 
mutlivariate  analysis  of  variance  of  samples  A,  1-21,  and  23-32  of  Cnemidophorus 
marmoratus  (Fig.  9).  Units  of  each  axis  in  percent. 


cases  characters  tend  to  be  inversely  proportional  to  one  another,  such 
as  GIPBT  and  DL,  and  LSOG  and  LSORS.  Other  combinations  of 
characters  tend  to  complement  one  another  such  as  DL,  GAB,  GP,  and 
FP  and  GIPBT.  Figure  10  indicates  several  characters  that  surely  have 
little  discrimination  value  among  samples  and  others  that  surely  follow 
the  same  patterns  of  variation.  The  number  of  characters  could  be 
reduced  accordingly  to  include  only  those  that  are  pertinent. 

The  final  phase  in  the  analysis  of  scutellation  data  includes  the  cluster 
analysis  of  all  samples  considering  the  10  previously  described  characters 
simultaneously.  The  correlation  matrix  generated  by  the  UPGMA  option 
provides  the  most  reasonable  of  several  clustering  techniques  with  regard 
to  geographic  assemblages  of  samples.  This  type  of  clustering  has  several 
disadvantages  pertinent  to  the  present  elaboration  of  the  structure  of  the 
scutellation  data.  The  clustering  of  samples  depends  entirely  on  the  mean 
values  of  the  characters  of  each  sample.  We  have  already  shown  in  the 
univariate  analysis  that  some  characters  are  much  more  variable  than 
others.  Other  characters  may  not  be  highly  variable,  but  are  of  little  use 
in  distinguishing  between  samples. 

The  correlation  matrix  was  generated  using  the  UPGMA  to  produce 
the  resulting  phenogram  shown  in  Figure  11.  The  cophenetic  correlation, 
that  is,  how  well  the  phenogram  was  able  to  depict  the  structure  of  the 
data,  was  0.678.  A  higher  value  would  be  more  desirable  in  that  it  would 
more  convincingly  indicate  the  stability  of  the  various  clusters.  The  two 
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Figure  11.  Phenogram  indicating  relationships  of  all  samples  of  Cnemidophorus 
marmoratus  considering  10  scutellation  characters  simultaneously.  Sample  numbers 
correspond  to  samples  of  Figure  6;  (N)  =  sample  size.  See  text  for  identifications  of 
phenogram  branches. 


major  branches  of  the  phenogram  do  conform  to  continuous  geographic 
samples.  Branch  I  includes  those  samples  in  the  southern  portion  of  the 
range  (samples  21,  22,  29,  33-40  of  Fig.  6)  currently  referable  to  C.  m. 
variolosus ,  whereas  the  second  branch  (II)  includes  all  of  the  more 
northerly  samples. 

Within  branch  I  a  quick  dichotomy  between  the  western  (Ila)  and 
eastern  (lib)  samples  is  established.  The  branch  corresponding  to  western 
samples,  Ila,  consists  of  a  fairly  tight  cluster  of  samples  34-37,  and  two 
other  samples,  29  and  33,  which  are  outside  the  main  group.  In  the 
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previous  MANOVA  sample,  33  was  determined  to  be  an  intermediate  or 
intergrading  sample  between  samples  32  and  34;  its  intermediate  nature 
is  confirmed  here.  Sample  29  has  not  appeared  previously  as  an 
intermediate  but  its  position  in  the  phenogram  relates  realistically  to  its 
geographic  intermediacy  between  the  quite  different  samples  27  and  34. 

The  eastern  component  of  the  southern  samples  of  branch  I,  lb, 
separates  into  the  compact  groups  represented  by  samples  38-40  and 
samples  21  and  22.  Again,  the  structure  of  the  phenogram  correlates  well 
with  the  earlier  MANOVA  and  the  geographic  placement  of  the  samples. 
Sample  21  does  cluster  more  closely  with  sample  22  than  it  does  with  its 
nearest  geographic  equivalent,  sample  20. 

The  second  major  dichotomy  of  the  phenogram,  branch  II, 
encompasses  the  more  northern  samples  of  C.  marmoratus,  including  the 
currently  recognized  subspecific  taxa  marmoratus  and  pulcher.  Branch  II 
quickly  diverges  into  branch  Ha  and  lib,  corresponding  roughly  to  the 
taxa  marmoratus  and  pulcher ,  respectively. 

Branch  Ila  breaks  into  a  geographical  cluster  consisting  of  generally 
the  western  and  northwestern  component  (lid)  and  the  northeastern 
component  (lie),  similar  to  the  groups  indicated  in  the  MANOVA. 

The  upper  branch  (lib)  of  the  phenogram  is  perplexing.  The  branch 
Ilg  includes  samples  20  and  23,  the  Cuatro  Cienegas  Basin  and  the 
bolson  to  its  south,  the  intermediate  nature  and  possible  outside  genetic 
inundation  of  which  have  been  discussed  previously.  The  more  puzzling 
cluster  is  found  in  branch  Ilh.  Sample  A,  the  cotypes  of  C.  marmoratus , 
samples  1  and  11,  those  from  the  extreme  northwestern  portion  of  the 
range  and  the  Rio  Grande  in  the  vicinity  of  Presidio,  Texas,  respectively, 
are  included  with  samples  24-28,  30-32,  from  the  upper  Bolson  de 
Mapimi.  The  only  explanation  for  the  apparent  misplacement  of  the 
three  samples  is  that  the  low  sample  size  of  A  has  apparently  misplaced 
it  and  that  the  seemingly  adequate  sample  sizes  of  samples  1  and  1 1  are 
misrepresented,  coinciding  with  the  manifestation  of  the  low  cophenetic 
correlation. 

A  summary  of  the  general  geographic  trends  in  scutellation  variation 
seems  apropos.  Five  basic  geographic  groups  of  samples  have  become 
apparent  through  the  univariate  and  multivariate  analyses.  The 
northwestern  component  includes  samples  1-4,  7-8,  11,  and  to  some 
extent  samples  5,  6,  9,  and  12.  Another  group  coalesces  in  the 
northeastern  portion  of  the  range  including  samples  10,  13-19,  and 
alternately  samples  5,  6,  9,  12,  20,  and  21.  The  southern  portion  of  the 
range  includes  three  groups,  the  upper  Bolson  de  Mapimi  (sample  24 
through  32),  the  southwestern  portion  of  the  range  (samples  34-37),  and 
the  southeastern  portion  of  the  range  (samples  38-40).  Several  samples 
have  been  scrutinized  as  to  the  intermediacy  between  the  five  rather 
distinct  groups,  these  being  samples  5,  6,  9,  12,  20,  21,  22,  23,  29,  and 
33. 
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Dorsal,  Throat,  and  Ventral  Patterns 

Dorsal  Patterns 

The  different  types  of  dorsal  patterns  that  occur  throughout  the  range 
of  C.  marmoratus  present  a  perplexing  problem.  In  the  course  of 
examining  scutellation  features  of  specimens,  the  dorsal  pattern  of  each 
specimen  was  regarded  as  being  identical  or  nearly  so  in  configuration 
to  an  existing  reference  specimen,  or,  if  the  pattern  examined  was  not 
allocatable  to  a  reference  specimen,  then  it  was  designated  as  a  reference 
pattern  type.  Some  specimens  were  blackened  due  to  preservative  and 
could  not  be  assigned  to  a  pattern  class,  and  these  were  excluded  from 
pattern  analysis.  After  examining  some  2000  dorsal  patterns,  a  series  of 
41  different  dorsal  pattern  classes  was  recorded.  Seventeen  of  the  41 
different  pattern  types  were  represented  by  only  one  or  two  specimens, 
or  were  extremely  similar  to  another  pattern  class.  The  pattern  classes 
with  few  representatives  were  reassigned  into  the  next  most  similar 
pattern  class  until  it  was  no  longer  tenable  to  merge  more  pattern  types. 
A  series  of  24  pattern  types  ultimately  were  considered  distinct.  The 
dorsal  pattern  as  considered  here  involves  the  configuration  of  dorsal  and 
lateral  lines,  stripes,  spots  and  bars.  The  24  representative  dorsal  patterns 
are  illustrated  in  Figure  3. 

The  ontogenetic  development  and  sexual  dimorphism  of  dorsal 
patterns  is  well  known  in  some  species  of  the  genus  Cnemidophorus . 
Specimens  from  samples  comprising  the  five  major  geographically  distinct 
units  discovered  in  the  preceding  multivariate  analyses  of  scutellation 
data  were  combined  within  each  major  area  to  determine  if  ontogenetic 
changes  in  dorsal  patterns  were  present.  The  combined  samples  represent 
a  northwestern  group,  a  northeastern  and  central  group,  the  samples 
from  the  upper  Bolson  de  Mapimi,  and  the  extreme  southwestern  and 
southeastern  samples. 

The  northwestern  group  for  ontogenetic  analysis  includes  samples  1-4, 
7-8,  and  11;  Figure  12  indicates  the  relative  frequency  of  the  24  dorsal 
patterns  of  the  422  specimens  by  10  mm-SVL  size  classes.  The  paucity 
of  specimens  in  the  smaller  size  classes  makes  accurate  assessment  of 
ontogenetic  change  difficult,  but  quite  different  frequencies  of  dorsal 
patterns  occur  between  progressively  larger  size  classes  until  specimens 
attain  a  SVL  of  about  70  mm.  Individuals  of  70  mm  SVL  and  above  also 
correspond  roughly  to  sexually  mature  individuals.  Lizards  in 
populations  in  the  northwestern  portion  of  the  range  begin  as  juveniles 
in  pattern  class  2,  with  pattern  classes  1,  3,  and  10  present,  but  less 
frequent.  The  juvenile  patterns  persist  in  adults,  although  with 
progressively  less  influence.  The  array  of  adult  patterns,  however,  is  much 
more  complex  (Fig.  12)  and  will  be  examined  in  more  detail  later. 

Individuals  in  the  northeastern  and  central  groups,  samples  9-10  and 
12-21,  tend  to  be  dominated  by  pattern  type  1  as  young,  with  dorsal 
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Figure  12.  Frequencies  of  dorsal  pattern  types  by  size  classes  of  10mm  SVL  of 
northwestern  Cnemidophorus  marmoratus,  samples  1-4,  7-8,  11.  Dorsal  patterns 

correspond  to  numbers  of  Figure  2;  samples  as  in  Figure  6;  N  =  sample  size  per  size 
class. 

patterns  2,  3,  and  4  quite  frequent  to  sexual  maturity  (Fig.  13).  Again 
the  adult  patterns  are  diverse,  although  frequencies  are  fairly  stable  above 
70  mm  SVL. 

The  specimens  from  the  upper  Bolson  de  Mapimi  are  poorly 
represented  by  the  smaller  size  classes,  but  it  appears  that  ontogenetic 
change  (Fig.  14)  is  not  as  pronounced  as  in  specimens  from  the  northern 
portion  of  the  range.  Figure  16  does  indicate  that  dorsal  pattern  types 
15,  16,  and  17  may  well  be  the  most  frequent  subadult  patterns.  Subadult 
patterns  are  well  represented  in  adults  although  new  pattern  types  are 
introduced  in  adult  specimens,  but  not  as  many  types  as  in  the  northern 
areas. 

The  extreme  southern  portion  of  the  range  consists  of  two  groups 
relative  to  the  scutellation  analyses.  The  southwestern  group  includes 
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Figure  13.  Frequencies  of  dorsal  pattern  types  by  size  classes  of  10mm  SVL  of 
northwestern  and  central  Cnemidophorus  marmoratus,  samples  8-10,  12-21.  Dorsal 
patterns  correspond  to  numbers  of  Figure  3;  samples  as  in  Figure  6;  N  =  sample  size 
per  size  class. 

samples  34-37  and  the  relative  frequencies  of  the  dorsal  patterns  by  size 
class  are  shown  in  Figure  15.  The  eastern  group  is  comprised  of  samples 
38-40  and  the  ontogenetic  change  is  presented  in  Figure  16.  The 
southwestern  group  is  represented  by  few  specimens  in  the  smaller  size 
classes,  the  dorsal  patterns  15,  16,  22,  and  23  appearing  to  be  typical  of 
younger  individuals.  The  dorsal  pattern  frequencies  of  the  60-69  mm  size 
class  appear  to  be  similar  to  those  of  larger  specimens,  represented 
primarily  by  patterns  21-24.  The  southeastern  samples  (Fig.  16)  are 
poorly  represented  in  size  classes  less  than  adult.  The  smallest  known 
specimen,  a  51  mm  SVL  female,  has  a  dorsal  pattern  of  15,  frequent  in 
young  individuals  of  the  southwestern  group,  but  not  found  elsewhere  in 
the  southeastern  populations.  As  in  the  southwestern  samples,  adult 


362 


THE  TEXAS  JOURNAL  OF  SCIENCE — VOL.  38,  NO.  4,  1986 


N  i  0  1  1  11  34  48  31 

SIZE  CLASSES 

Figure  14.  Frequencies  of  dorsal  pattern  types  by  size  classes  of  10mm  SVL  of  upper 
Bolson  de  Mapimi  Cnemidophorus  marmoratus,  samples  25-28,  30-32.  Dorsal  patterns 
correspond  to  numbers  of  Figure  3;  samples  as  in  Figure  6;  N  =  sample  size  per  size 
class. 

dorsal  pattern  frequencies  of  adults  are  established  by  the  60  mm  size 
class  and  include  primarily  patterns  21-24.  It  appears  that  ontogenetic 
change  is  much  more  prevelant  in  the  two  northern  groups  than  in  the 
central  and  southern  groups. 

In  an  effort  to  establish  the  trends  of  geographic  variation  in  dorsal 
patterns,  only  sexually  mature  adults  were  used.  Figure  17  depicts  the 
relative  frequencies  of  the  combined  sexually  mature  age  classes  (>  70 
mm  SVL)  for  the  five  areas  discussed  above.  Figure  17  depicts  three 
distinctly  different  areas  of  dorsal  pattern;  the  northern  group  (I,  II), 
upper  Bolson  de  Mapimi  group  (III),  and  the  southern  group  (IV,  V). 
The  different  emphases  of  dorsal  pattern  types  are  subtle  between  the 
northwestern  (I)  and  northeastern  (II)  groups  and  even  more  so  between 
the  southwestern  (IV)  and  southeastern  (V)  areas. 
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Figure  15.  Frequencies  of  dorsal  pattern  types  by  size  classes  of  10mm  SVL  of 
southwestern  Cnemidophorus  marmoratus,  samples  34-37.  Dorsal  patterns  correspond  to 
numbers  of  Figure  3;  samples  as  in  Figure  6;  N  =  sample  size  per  size  class. 

Obviously  there  are  appreciable  differences  among  areas  with  regard  to 
dorsal  pattern  type.  Sexual  dimorphism  in  dorsal  pattern  type  was 
possible,  even  though  field  studies  and  examination  of  museum  specimens 
indicated  no  apparent  differences.  The  relative  frequency  of  each  pattern 
type  within  each  sample  was  computed  for  males  and  females.  The  NT- 
SYS  clustering  program,  using  the  UPGMA  option,  was  used  to  assess 
obvious  sexual  dimorphism  in  pattern  frequency.  Every  sample,  divided 
into  the  dorsal  pattern  frequencies  of  males  and  females,  was  clustered 
simultaneously.  Invariably,  whenever  adequate  sample  sizes  of  males  and 
females  (more  than  20  specimens)  were  represented,  the  males  and 
females  of  a  particular  sample  were  clustered  quite  closely  in  the  resulting 
phenogram.  Combining  males  and  females  of  all  samples  produced 
adequate  sample  sizes  in  many  cases  to  stabilize  some  of  the  more  erratic 
smaller  samples. 
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Figure  16.  Frequencies  of  dorsal  pattern  types  by  size  classes  of  10mm  SVL  of 
southwestern  Cnemidophorus  marmoratus,  samples  38-40.  Dorsal  patterns  correspond  to 
numbers  of  Figure  3;  samples  as  in  Figure  6;  N  =  sample  size  per  size  class. 

The  NT-SYS  cluster  analysis  using  the  UPGMA  correlation  matrix 
option  was  ultimately  used  on  all  samples  of  combined  adult  males  and 
females  with  10  or  more  dorsal  patterns  recorded  per  sample.  Only  nine 
of  the  samples  were  eliminated  from  the  final  cluster  with  insufficient 
numbers  of  dorsal  patterns  available. 

The  resulting  phenogram  of  the  dorsal  pattern  cluster  is  shown  in 
Figure  18,  and  has  a  cophenetic  correlation  value  of  0.932.  The  basic 
groups  of  dorsal  pattern  types  conform  to  the  geographic  regions  of 
similarities  in  scutellation.  Branch  I  includes  the  southern  samples,  with 
sample  22,  considered  an  intergrading  sample  earlier,  appearing  in  the 
group.  Sample  22  is  probably  sufficiently  inundated  by  genetic  influence 
from  the  north  and  south  to  be  placed  in  either  major  group  in  different 
decades.  Branch  lib  conforms  nicely  to  the  upper  Bolson  de  Mapimi 
region,  also  differentiated  by  scutellation.  Branch  lie  conforms  to  the 
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Figure  17.  Relative  frequencies  of  dorsal  pattern  types  of  adult  Cnemidophorus 
marmoratus  by  major  geographic  areas.  I,  samples  1-4,  7-8,  11;  II,  9-10,  12-21;  III,  25- 
28,  30-32;  IV,  34-37;  V,  38-40,  corresponding  to  those  of  Figure  6;  dorsal  pattern 
numbers  correspond  to  Figure  3. 
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Figure  18.  Phenogram  of  dorsal  pattern  clusters  including  all  adults  of  all  Cnemidophorus 
marmoratus  samples  with  more  than  10  specimens.  Sample  numbers  correspond  to 
Figure  6;  N  =  sample  size.  See  text  for  phenogram  branch  designations. 


marmoratus-like  samples  in  the  more  northern  portions  of  the  range. 
Sample  18  appears  to  be  an  outlying  sample  primarily  due  to  a  high 
density  of  patternless  individuals  (pattern  14,  Fig.  3).  Branches  Ilf  and 
Ilg  conform  fairly  well  to  the  areas  defined  on  scutellation,  these  being 
the  northeastern  and  northwestern  samples,  respectively.  Two  samples, 
neither  of  which  are  represented  by  large  series  of  specimens,  appear  to 
be  misplaced  within  the  phenogram.  Sample  2,  well  within  the 
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northwestern  geographic  region,  appears  in  the  cluster  branch  with  the 
northeastern  samples.  The  placement  of  this  sample  surely  represents  an 
inadequacy  of  specimens.  The  other  perplexing  sample  is  12,  which 
continually  appears  to  rotate  between  the  northeastern  and  northwestern 
groups  of  “ marmoratus The  possibility  of  this  sample  containing 
specimens  with  erroneous  locality  data  has  been  considered  but  cannot 
be  substantiated.  The  sample  must  be  considered  one  in  which  apparently 
adequate  sample  size  has  not  reduced  sampling  error. 

The  relationships  relative  to  dorsal  patterns  are  seen  in  Figure  18,  but 
the  predominant  dorsal  pattern  frequencies  found  in  each  of  the  five 
major  geographic  areas  are  not  apparent.  Figure  17  indicates  basically  the 
same  regions  as  the  main  branches  of  the  phenogram.  Branch  I  then 
contains  predominately  dorsal  patterns  21-24  with  only  minor  differences 
between  the  southwestern  and  southeastern  samples.  Branch  lib  is 
typified  by  patterns  14-20.  The  differences  between  branches  Ilf  and  Ilg 
are  more  subtle.  In  branch  Ilf,  the  northeastern  samples,  dorsal  patterns 
3-6  tend  to  predominate.  In  branch  Ilg,  however,  dorsal  patterns  2,  3, 
5,  7,  and  10  are  the  most  common. 

Throat  Patterns 

The  final  two  phases  of  the  pattern  analysis  involved  assessment  of  the 
geographic  trends  in  the  variation  of  throat  and  ventral  patterns.  It 
became  apparent  quite  early  in  the  study  that  juveniles  in  all  areas  tend 
to  appear  first  with  either  white  or  obscurely  mottled  throats  and  venters. 
Males  develop  distinct  throat  and  ventral  patterns  by  70  mm  SVL  or 
approximate  sexual  maturity,  whereas  the  females  tend  to  retain  the  more 
juvenile  throat  and  ventral  patterns.  The  retention  of  the  juvenile  throat 
and  ventral  patterns  in  females  made  the  inclusion  of  them  in  the 
assessment  of  geographic  variation  of  these  features  extremely  complex 
and  unrewarding.  Ultimately  it  was  determined  that  analysis  of  the  dorsal 
patterns  of  males  must  suffice,  even  though  this  often  resulted  in  a 
considerable  loss  in  sample  size. 

In  the  assessment  of  similarities  of  the  nine  throat  pattern  types 
illustrated  in  Figure  4,  a  cluster  analysis  of  the  males  by  sample  using 
NT-SYS  with  the  correlation  and  UPGMA  option  was  performed.  The 
variable  consisted  of  the  relative  frequencies  of  the  nine  throat  patterns 
by  sample.  Three  main  branches  appeared  in  the  phenogram  (cophenetic 
correlation  0.944).  The  southern  samples  including  34-40  emerged  as  a 
major  group.  These  samples  consisted  virtually  entirely  of  throat  pattern 
9  of  Figure  4.  Within  this  group  were  samples  22  and  29,  the  geographic 
continuity  of  which  with  samples  34-40  and  previous  intermediate 
resemblances  have  been  discussed  previously. 

The  next  major  group  united  by  throat  pattern  type  included  samples 
26-28  and  30-32.  These  samples  typically  possess  throat  patterns  7  or  8 
and  sometimes  6  and  9.  This  branch  of  the  phenogram  places  the  samples 
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in  the  upper  Bolson  de  Mapimi,  but  excludes  samples  24  and  25,  which 
are  compatable  with  the  group  in  previous  analyses. 

The  third  major  dichotomy  in  the  throat  pattern  analysis  revealed  the 
other  samples  presenting  rather  homogeneous  assemblages  of  throat 
patterns  1-6.  There  is  a  subtle,  but  not  distinct,  trend  for  specimens  in 
the  northeastern  portions  of  the  range  to  have  higher  frequencies  of 
throat  patterns  1-4,  whereas  the  western  and  northwestern  samples  have 
a  preponderance  of  throat  patterns  3-5. 

Ventral  Patterns 

The  final  phase  of  the  geographic  variation  analysis  involved  the 
distribution  of  the  different  ventral  patterns  (Fig.  5)  throughout  the 
range.  The  ontogenetic  and  sexual  development  of  the  ventral  pattern  is 
similar  to  that  found  in  throat  patterns.  The  young  and  females  tend  to 
have  a  more  muted  ventral  pattern  than  do  adult  males.  Females  also 
tend  to  only  fully  develop  their  ventral  patterns  near  their  maximum 
adult  size.  An  NT-SYS  (UPGMA)  cluster  analysis  using  the  relative 
frequencies  of  the  nine  ventral  patterns  divided  into  males  and  females 
for  each  sample,  revealed  that  females  and  males  of  a  particular  sample 
did  not  ally  closely  in  the  phenogram.  The  ultimate  analysis  of  the 
ventral  patterns  included  only  adult  males  (>  70  mm  SVL). 

The  frequencies  of  each  throat  pattern  type  for  the  males  of  each 
sample  were  clustered  following  the  NT-SYS  correlation  option  using  the 
UPGMA  method.  The  phenogram  produced  had  a  0.923  cophenetic 
correlation.  The  resulting  cluster  of  the  ventral  patterns  was  similar  to 
that  found  in  the  throat  pattern  cluster.  The  southern  samples  (34-36,  38- 
40)  again  clustered  tightly,  being  represented  primarily  by  ventral  pattern 
9  (Fig.  5)  and  occasionally  ventral  pattern  8.  Sample  29,  which  is 
geographically  intermediate  between  the  upper  and  southern  portions  of 
the  Bolson  de  Mapimi,  appeared  in  the  cluster  of  ventral  patterns  with 
the  southern  samples  (34-36,  38-40)  as  it  did  with  regard  to  throat 
pattern. 

The  samples  from  the  upper  Bolson  de  Mapimi  (24-28,  30-32),  typically 
sorting  out  as  distinct  units  in  other  analyses,  appeared  in  three  separate 
but  compact  branches  of  the  phenogram.  One  branch  consisted  of 
samples  27,  28,  and  30,  apparently  representing  the  core  populations  of 
the  upper  Bolson  de  Mapimi.  These  were  the  only  samples  appearing  in 
the  major  branch  leading  to  the  southern  samples  (34-36,  38-40).  Other 
samples  from  the  upper  Bolson  de  Mapimi  sorted  out  into  two  rather 
close  clusters  in  the  major  branch  including  all  of  the  more  northern 
samples.  These  clusters  included  samples  25-26,  31-32,  and  not 
surprisingly,  samples  22  and  23,  the  intergrade  status  of  which  still  seems 
apparent.  One  sample  that  clustered  with  the  upper  Bolson  de  Mapimi 
samples  seems  entirely  misplaced;  that  is  sample  16,  representing 
specimens  from  the  northwestern  Pecos  River  drainage  of  Texas.  The 
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predominant  ventral  pattern  types  in  the  upper  Bolson  de  Mapimi 
samples  are  patterns  5-8,  with  patterns  7  and  8  typical  to  the  central  core 
of  the  region. 

The  remaining  samples  (1-21,  24)  tended  to  sort  into  a  rather 
homogeneous  group,  typified  by  ventral  pattern  types  1-4.  Any  attempt 
to  differentiate  the  samples  of  this  group  on  the  basis  of  ventral  patterns 
is  futile.  The  ventral  patterns  do  seem  to  be  locally  less  suffused  with 
black  in  a  geographic  mosaic.  The  areas  consisting  predominately  of 
lighter  ventral  patterns  (1,  2,  and  less  frequently  3)  are  samples  1,  4,  14, 
18,  and  19. 

The  analysis  of  the  dorsal,  throat,  and  ventral  patterns  in  general 
revealed  three  rather  homogeneous  concentrations  of  the  different 
patterns.  The  samples  in  southern  Coahuila  (samples  34-40)  appear 
distinct  in  each  case  and  conform  in  geographic  range  with  the  currently 
recognized  subspecies  C.  m.  variolosus.  The  more  northwestern 
geographic  unit,  occurring  primarily  in  the  upper  regions  of  the  Bolson 
de  Mapimi,  consists  of  samples  24-32.  Considering  dorsal  patterns  only, 
the  upper  Bolson  de  Mapimi  samples  appear  distinct  from  others.  Throat 
and  ventral  patterns,  however,  indicate  affinities  of  sample  29  with  the 
southern  samples  and  sample  24  with  the  more  northern  and  eastern 
samples.  The  samples  of  the  upper  Bolson  de  Mapimi  conform  to  the 
subspecies  C.  m.  pulcher,  although  previously  known  only  from  the  area 
within  sample  27.  The  samples  north  of  28°  latitude,  samples  1-21,  are 
rather  homogeneous  in  relation  to  all  patterns.  The  dichotomy  seen 
between  the  northeastern  and  northwestern  areas  in  the  scutellation  is  not 
conspicuous  in  the  pattern  analyses,  although  a  subtle  shift  in  dorsal 
patterns  may  be  manifested.  The  last  series  of  samples  are  presently 
assigned  to  the  subspecies  C.  m.  marmoratus.  Samples  22  and  23  appear 
to  represent  areas  of  intergradation  between  the  marmoratus  and 
variolosus  groups. 

A  number  of  samples  are  considered  intergrades  based  on  the  pattern 
analyses.  Samples  22  and  23  appear  to  be  intergrades  between 
marmoratus  and  variolosus.  Sample  29  appears  intermediate  between 
pulcher  and  variolosus ,  and  sample  24  is  intermediate  between 
marmoratus  and  pulcher. 


Conclusions 

The  analyses  of  scutellation  and  pattern  reveal  a  concordance  of 
characters  differentiating  five  distinct  geographic  regions.  Several  other 
samples,  geographically  intermediate  between  two  groups,  ally  with 
different  groups  in  different  analyses.  Figure  19  indicates  the  geographic 
distributions  of  the  five  major  groups,  identified  by  Roman  numerals  I- 
V.  The  intergrading  populations  bear  numbers  corresponding  to  the 
samples  of  Figure  6.  Most  characters  provide  discrimination  among 
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Figure  19.  Major  geographic  areas  of  scutellation  and  pattern  concordance  of  C. 
marmoratus.  I  (C.  marmoratus)  samples  1-4,  7-8,  11;  II  (C.  m.  reticuloriens),  9-10,  12- 
21;  III  (C.  m.  pulcher),  25-28,  30-32;  IV  (C.  m.  variolosus),  34-37;  V  (C.  m.  nigroriens ), 
38-40;  intergrading  samples  indicated  by  numbers  also  corresponding  to  Figure  6. 

groups  only  with  adequate  sample  sizes  of  the  various  populations.  Table 
4  indicates  characters  of  scutellation  that  are  significantly  different 
between  95  percent  confidence  limits  of  large  sample  means  for  the 
groups  identified  as  I-V  in  Figure  19. 


SYSTEMATICS  AND  BIOGEOGRAPHY  OF  CNEMIDOPHORUS 


371 


Table  4.  Characters  of  scutellation  differing  significantly  (P  <  .05)  between  major 
geographic  areas.  Areas  correspond  to  Roman  numerals  I-V  of  Figure  19.  Sample  sizes 
within  areas  are:  I,  291;  II,  315;  III,  144;  IV,  97;  V,  75. 


Area  I  II  III  IV 


GAB 

GIPBT 

GMP 

II 

DL 

ANCO 

LSORS 

LSOG 

COS 

GAB 

GIPBT 

GMP 

III 

GMP 

DL 

DL 

ANCO 

COS 

GAB 

GIPBT 

DL 

GAB 

IV 

DL 

ANCO 

GBSC 

ANCO 

GBSC 

COS 

COS 

GAB 

GIPBT 

GIPBT 

GIPBT 

GAB 

GMP 

GMP 

FP 

GIPBT 

DL 

DL 

ANCO 

GMP 

V 

FP 

FP 

GBSC 

FP 

ANCO 

ANCO 

LSORS 

ANCO 

GBSC 

GBSC 

LSOG 

GBSC 

LSOG 

LSORS 

COS 

LSOG 

COS 

LSOG 

COS 

COS 

The  dorsal  patterns  tend  to  segregate  groups  I,  II,  III,  IV,  and  V,  but 
not  unequivocably.  Throat  and  ventral  patterns  serve  to  separate  groups 
I  and  II  from  III,  and  from  IV  and  V,  but  again  with  minor  overlap. 
Even  though  five  groups  emerge  from  the  analysis,  distinct  relationships 
exist  between  certain  groups.  Groups  I,  II,  and  III  appear  to  resemble 
one  another  more  closely  than  they  do  groups  IV  and  V.  Groups  I  and 
II,  however,  ally  more  closely  with  each  other  than  with  group  III. 
Groups  IV  and  V  also  bear  much  closer  relationships  to  each  other  than 
to  any  other  group.  Recommendations  for  systematic  treatment  of  the 
groups  follow  in  the  systematic  accounts  of  the  subspecies. 


372 


THE  TEXAS  JOURNAL  OF  SCIENCE — VOL.  38,  NO.  4,  1986 


Taxonomic  Allocations 

A  component  of  any  systematic  study  includes  an  attempt  to  provide 
the  scientific  community  not  only  with  an  expose  of  the  trends  of 
variation,  but  also  with  an  assessment  of  the  most  tenable  taxonomic 
arrangement  of  the  organisms.  No  evidence  has  been  presented  in  the 
analyses  of  scutellation  or  pattern  to  indicate  reproductive  isolation, 
inferring  specific  status  (Mayr,  1970),  for  any  of  the  various  populations 
of  Cnemidophorus  marmoratus.  The  lack  of  necessity  for  decisions 
concerning  interspecific  relationships  only  shifts  the  emphasis  to 
infraspecific  decisions.  Several  alternatives  exist  for  allocation  of 
infraspecific  populations;  these  include  (1)  a  simple  or  elaborate, 
explanation  of  the  trends  of  variation  without  formal  nomenclature,  (2) 
recognition  of  broadly  inclusive  subspecific  categories,  (3)  broadly 
inclusive  subspecies  with  vernacular  names  for  microgeographic 
populations,  (4)  microgeographic  subspecies,  or  (5)  formally  recognized 
subspecies  arranged  into  informal  subspecies  clusters. 

The  analyses  of  C.  marmoratus  indicate  that  the  most  fruitful 
taxonomic  arrangement  is  provided  in  the  fifth  alternative.  Russell  (1969) 
presented  the  concept  of  subspecies  clusters  in  his  studies  of  the  pocket 
gopher,  Pappogeomys  castanops.  Subspecies  provide  geographically  and 
taxonomically  identifiable  entities,  whereas  subspecies  clusters  more 
realistically  indicate  units  of  evolution.  Subspecies  clusters  establish 
relationships  among  subspecies;  unfortunately,  however,  these  informal 
categories  are  not  incorporated  into  the  hierarchy  of  our  most  widely 
accepted  system  of  vertebrate  classification. 

Variation  in  characters  of  scutellation  and  pattern  of  Cnemidophorus 
marmoratus  are  interpreted  to  represent  five  subspecies  and  three 
subspecies  clusters.  The  northern  subspecies  cluster  includes  C.  m. 
marmoratus  and  the  morphologically  similar  C.  m.  reticuloriens  (I  and 
II,  respectively,  of  Fig.  19).  The  central  subspecies  cluster  includes  a 
single  race,  C.  m.  pulcher  (III  of  Fig.  19).  A  subspecies  cluster  in  the 
southern  portion  of  the  range  includes  C.  m.  variolosus  and  C.  m. 
nigroriens  (IV  and  V  of  Fig.  19).  The  subspecies  clusters  are  most  easily 
identified  by  color  pattern  and  coloration. 

The  northern  subspecies  cluster  contains  populations  with  a  yellowish- 
brown  dorsal  and  lateral  ground  color  invaded  dorsally  and  dorso- 
laterally  by  four  to  eight  yellowish-white  broken  lines,  typically  broken 
and  reticulated  often  into  obscurity;  laterally  light  transverse  bars  invade 
the  dark  fields  and  may  be  broken  into  series  of  light  spots  (patterns  1- 
10,  Fig.  3).  The  throat  pattern  is  predominantly  cream  colored,  normally 
including  round  or  irregular  shaped  black  spots  (patterns  1-5,  Fig.  4).  In 
life,  the  throat  has  a  light  pink  suffusion.  The  venter  is  yellowish-white 
with  black  flecks  anteriorly  and  laterally  covering  less  than  one-half  the 
ventral  surface  (patterns  1-6,  Fig.  5).  Larger  specimens  have  a  more 
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intense  yellow  on  the  posteriolateral  and  posterior  portions  of  the  venter 
that  extends  onto  the  ventral  surface  on  the  thighs  and  proximal  third 
of  the  ventral  surface  of  the  tail. 

The  central  subspecies  cluster  consisting  only  of  C.  m.  pulcher  has  a 
brownish-black  dorsal  ground  color  with  brownish-white  spots  of 
reticulations.  The  sides  are  typically  barred  with  transverse  rows  of  spots 
occupying  areas  approximately  equal  to  the  interspaces  (patterns  15-20, 
Fig.  3).  The  throat  patterns  consist  of  irregular  wavy  black  and  white 
lines  transversing  the  throat  (patterns  6-8,  Fig.  4).  The  throat  usually 
appears  to  have  equal  amounts  of  black  and  white  and  is  frequently 
suffused  with  a  light  pink  wash  in  life.  The  venter  always  appears  to  be 
predominantly  black  with  white  flecks  more  prominent  posteriorly,  but 
also  irregularly  placed  anteriorly  on  the  chest  (patterns  6-8,  Fig.  5).  Black 
flecks  always  invade  the  ventral  surfaces  of  the  thighs  and  tail. 

The  southern  subspecies  cluster  consisting  of  C.  m.  variolosus  and  C. 
m.  nigroriens  has  a  black  dorsal  ground  color  heavily  invaded  with  fine 
lichen-like  yellowish-brown  reticulations.  The  lateral  regions  are  less 
crowded  and  tend  to  show  narrow  transverse  bars  or  rows  of  small  spots 
(patterns  21-24,  Fig.  3).  The  throat  is  solid  dark  (pattern  9,  Fig.  4),  but 
may  be  expressed  from  a  solid  shiny  black  to  a  gray  wash  with  a  pink 
suffusion  in  life.  The  venter  is  predominantly  black  with  white  flecks 
posteriorly,  quickly  diminishing  in  frequency  anteriorly  (pattern  9,  Fig. 
5).  The  ventral  surfaces  of  the  tail  and  thighs  are  typically  flecked  with 
black. 

No  single  feature  of  scutellation  serves  to  separate  an  individual 
specimen  into  a  subspecies  or  subspecies  cluster  although  combinations 
of  characters  serve  to  identify  local  populations.  Most  individual 
specimens  may  be  readily  placed  into  the  proper  subspecies  by  observing 
the  frequencies  of  scutal  characteristics  nearest  the  means  for  each 
character  and  group. 


Subspecies  Accounts 

The  characteristics  of  each  subspecies  that  show  geographic  variation 
are  presented  in  the  following  accounts.  Characteristics  that  vary  little 
among  populations,  but  do  not  serve  to  define  Cnemidophorus 
marmoratus ,  are  presented  below,  rather  than  repeated  in  each  subspecies 
account. 

Scales  of  the  head  include:  two  nasals;  one  frontonasal;  two 
prefrontals,  in  contact;  one  frontal;  typically  four  supraoculars  per  side, 
in  the  order  of  three,  two,  one,  four  of  decreasing  size,  the  fourth  is 
occasionally  absent;  two  frontoparietals;  usually  three  parietals;  occipitals 
numerous  and  only  slightly  larger  than  dorsal  granules.  Lateral  head 
scales  include  (left/ right):  1/1  postnasal;  1/1  large  loreal;  1/1  preocular; 
normally  three  suboculars  per  side;  six  or  seven  supercilliaries  per  side; 
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usually  6/6  supralabials  and  7/7  infralabials  (to  center  of  eye).  Ventrally 
a  single  mental  is  followed  by  a  larger  postmental  with  five  to  six 
sublabials  per  side  following  the  postmental,  these  being  separated  by 
interlabials  invading  from  posteriorly  to  approximately  the  second 
infralabial.  Throat  scales  consist  of  three  portions:  anterior  one-half  of 
throat  with  scales  approximately  twice  as  large  as  scales  beginning 
posterior  one-half  of  throat;  scales  beginning  posterior  one-half  of  throat 
approximately  equal  in  size  to  dorsal  granules;  a  patch  of  central 
mesoptychial  scales  posteriorly  on  the  throat  approximately  equal  in  size 
to  scales  on  anterior  one-half  of  throat.  A  series  of  three  to  four  rows 
of  small  granular  scales  separate  the  centrally  enlarged  mesoptychials 
from  mesoptychial  fold.  Postantebrachials  granular,  approximately  equal 
in  size  to  dorsal  granules.  Ventral  plates  in  30-36  longitudinal  and  eight 
transverse  rows. 

Cnemidophorus  marmoratus  marmoratus  Baird  and  Girard 

Cnemidophorus  marmoratus  Baird  and  Girard,  1852b. 

Cnemidophorus  tigris,  Baird,  1859. 

Cnemidophorus  tessellatus  tessellatus ,  Cope,  1875. 

Cnemidophorus  tigris  mamoratus.  Burger,  1950. 

Syntypes. — USNM  3024  (two  adult  females,  examined). 

Lectotype. — USNM  3024a  (Burger,  1950). 

Type  locality. — Between  San  Antonio  and  El  Paso  del  Norte,  Texas. 
Restricted  to  El  Paso,  El  Paso  Co.,  Texas,  by  Burger  (1950). 

Distribution. — Rio  Grande  drainage  of  western  New  Mexico,  upper 
Rio  Grande  drainage  of  western  Texas  including  Presidio,  Culberson  and 
El  Paso  counties,  and  northwestern  Chihuahua  (I  of  Fig.  19). 

Diagnosis. — Cnemidophorus  m.  marmoratus  is  distinguished  from  the 
three  southern  subspecies  of  the  species — nigroriens,  variolosus  and 
pulcher — by  the  presence  of  an  immaculate  to  black-flecked  venter,  rather 
than  a  predominantly  black  venter.  It  is  distinguished  from  reticuloriens, 
which  is  similar  in  color  patterns,  by  a  combination  of  characters 
including  a  greater  number  of  GAB,  GIPBT,  GMP,  DL,  ANCO,  GBSC, 
LSORS,  LSOG,  COS,  and  fewer  FP  (see  tables). 

Description. — Maximum  observed  SVL  for  males  105  mm  and  females 
93  mm.  Ranges  of  scale  count  characters  are  presented  for  293  specimens; 
in  each  parentheses  is  the  mean  ±  one  standard  deviation,  and  the  value 
for  the  lectotype:  GAB  75-109  (92.7  ±  5.6,  94);  GIPBT  161-227  (193.5 
±  10.7,  196);  GMP  36-60  (47.4  ±  4.0,  55);  DL  60-77  (66.9  +  3.3,  65); 
FP  38-52  (44.3  ±  2.7,  40);  ANCO  1-4  (2.9  ±  0.7,  3);  GBSC  12-34  (20.7 
±  5.1,  20);  LSORS  4-7  (4.7  ±  0.9,  4);  LSOG  36-97  (64.4  ±  10.7,  65); 
COS  9-37  (19.2  ±  4.4,  21).  Other  features  of  scutellation  common  to 
marmoratus  and  other  subspecies  were  discussed  at  the  beginning  of  the 
subspecies  accounts. 
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Color  pattern. — The  dorsal,  throat,  and  ventral  color  patterns  of  adults 
are  discussed  for  each  subspecies  cluster  in  the  section  on  taxonomic 
allocations.  There  is,  however,  a  distinct  ontogenetic  change  in  dorsal 
pattern  as  shown  in  Figure  12.  In  general,  marmoratus  goes  from  a  more 
distinctly  light-striped  lizard  as  a  hatchling  to  a  more  reticulated  adult. 
There  is  also  a  tendency  for  the  light  spaces  to  become  predominant  in 
the  dorsal  patterns  of  larger  adults.  The  throat  and  ventral  patterns  of 
subadults  and  smaller  adult  females  tend  to  be  predominantly  white  or 
with  faint  black  spots,  boldly  developed  in  adult  males.  Most  local 
populations  throughout  the  range  of  marmoratus  are  inseparable  on  the 
basis  of  pattern.  Sample  1 1  (Fig.  6)  in  the  Presidio,  Texas,  area  tends  to 
have  a  higher  frequency  than  most  of  a  finely  reticulated  dorsal  pattern. 
Another  rather  distinct  population,  sample  4  (Fig.  6),  in  the  El  Paso, 
Texas,  and  Samalayuca,  Chihuahua,  areas,  contains  many  individuals 
with  a  light  and  dark  checkerboard-like  pattern  (pattern  6,  Fig.  3). 

Remarks. — Cnemidophorus  m.  marmoratus  and  C.  tigris  gracilis  come 
into  limited  contact  in  southwestern  New  Mexico  and  hybridize  as 
expected  for  species  on  the  basis  of  intergradation  observed  in 
scutellation,  developmental  asymmetry,  and  electrophoretic  studies. 
Obvious  differences  in  color  patterns  between  marmoratus  and  gracilis 
facilitated  the  location  of  the  contact  zone.  The  contact  zones  between 
marmoratus  and  reticuloriens  are  much  less  obvious,  and  are  only 
discovered  through  study  of  multiple  characters  of  scutellation.  Samples 
5  and  6  (Fig.  19),  occur  in  a  geographically  intermediate  narrow  basin 
extending  northward  from  Van  Horn,  Texas,  and  seem  to  represent 
intergrades  between  marmoratus  and  reticuloriens  based  on  features  of 
pattern  and  scutellation.  The  population  inhabiting  the  Van  Horn  Basin 
probably  is  continuous  with  marmoratus  to  the  southwest  but  is 
separated  from  reticuloriens  to  the  east  by  the  low  Delaware  Mountains. 
We  were  unable  to  find  contact  between  reticuloriens  and  the  Van  Horn 
Basin  population  in  spite  of  several  weeks  search  in  the  summer  of  1972. 
Landowners  in  the  area  indicated  good  ground  cover  with  average  or 
above  average  rainfall  for  the  past  several  years,  which  could  contribute 
to  the  lack  of  C.  marmoratus  and  allow  spread  into  the  area  only  in 
drought  years. 

Another  area  of  possible  contact  between  marmoratus  and  reticuloriens 
is  along  the  Rio  Grande  in  extreme  southeastern  Presidio  County.  The 
narrowness  of  the  Rio  Grande  canyons  and  lack  of  suitable  desert  floor 
for  continuous  distribution  of  C.  marmoratus  around  the  canyons  may 
actually  prohibit  gene  flow  in  that  area.  The  southern  portion  of  the 
range  of  marmoratus  is  not  known  to  contact  that  of  reticuloriens ,  and 
may  well  be  restricted  from  such  contact  by  the  topography  of  the  area 
(Fig.  2). 
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Specimens  examined. — A  total  of  586  specimens  of  C.  m.  marmoratus 
were  examined  and  complete  scale  counts  were  taken  on  293  specimens. 
See  Specimens  Examined  for  specific  localities. 

Cnemidophorus  marmoratus  reticuloriens ,  new  subspecies 

Cnemidophorus  tessellatus  tessellatus.  Cope,  1875. 

Cnemidophorus  tigris  mamoratus ,  Burger,  1950. 

Holotype. — Texas  Cooperative  Wildlife  Collection  (TCWC)  39509; 
adult  male,  obtained  by  Fred  S.  Hendricks  on  1  June  1972;  original 
number  FSH-871. 

Type  locality. — 24.7  mi.  NW  Fort  Stockton,  Pecos  Co.,  Texas;  31°  06' 
N  latitude,  103°  13'  W  longitude;  south  side  of  U.  S.  Highway  285  near 
roadside  park;  elevation  2850  feet. 

Paratypes. — TCWC  39491-508,  39510-14,  including  17  males  and  six 
females,  all  collected  at  the  same  time  and  locality  as  the  holotype. 

Distribution. — Pecos  River  drainage  of  southeastern  New  Mexico  and 
adjacent  Texas,  north  in  Texas  to  34°  N  latitude  and  east  to 
approximately  100°  W  longitude.  Disjunct  populations  occur  to  the  south 
in  Texas  in  the  southern  two-thirds  of  Brewster  County,  southeastward 
along  the  Rio  Grande  to  Del  Rio,  and  including  a  small  disjunct 
population  near  the  Rio  Grande  40  mi.  NNW  Faredo,  in  Webb  County, 
Texas.  In  Mexico,  this  subspecies  occupies  east-central  Chihuahua, 
northwestern  Coahuila,  and  central  Coahuila  (in  the  Cuatro  Cienegas 
Basin,  northwest  to  Ocampo,  east  to  Monclova,  and  southeast  from 
Monclova)  southeast  to  northern  Nuevo  Leon  (within  approximately  30 
air  miles  northwest  of  Monterrey)  (II  of  Fig.  19). 

Diagnosis. — Cnemidophorus  marmoratus  reticuloriens  is  most  easily 
distinguished  from  the  subspecies  pulcher,  variolosus,  and  nigroriens  by 
the  presence  of  a  white  throat  usually  invaded  with  black  spots  or 
irregular  flecks  instead  of  a  predominantly  black  throat;  marmoratus  is 
similar  in  pattern  and  scutellation  and  may  be  distinguished  only  by 
using  combinations  of  characters;  reticuloriens  has  lower  counts  of  GAB, 
GIPBT,  GMP,  DL,  ANCO,  GBSC,  LSORS,  LSOG,  and  COS  with 
nearly  equal,  but  slightly  higher,  FP  counts. 

Description. — Holotype  an  adult  male  80  mm  SVL  and  266  mm  total 
length;  largest  reticuloriens  male  95  mm  SVL  and  largest  female  94  mm 
SVL.  Ranges  of  scale  counts  for  315  specimens  are  presented;  in 
parentheses  mean  value,  ±  one  standard  deviation,  is  followed  by  value 
for  holotype:  GAB  74-114  (89.8  ±  5.6,  90);  AGIPBT  165-217  (189.2  ± 
10.2,  185);  GMP  36-57  (45.5  ±  3.8,  47);  DL  55-78  (65.4  ±  3.5,  62);  FP 
38-53  (44.8  ±  2.8,  43);  ANCO  1-4  (2.2  ±  0.9,  3);  GBSC  10-34  (19.0  ± 
5.3,  19);  LSORS  2-6  (4.1  ±  0.7,  4);  LSOG  35-94  (61.5  ±  10.9,  63);  COS 
6-33  (15.4  ±  4.5,  17).  Other  features  of  scutellation  typical  of  the 
holotype  are  presented  at  the  beginning  of  the  subspecies  accounts.  In 


SYSTEMATICS  AND  BIOGEOGRAPHY  OF  CNEMIDOPHORUS 


377 


addition,  the  holotype  has  12  occipitals,  7/7  superciliaries,  6/6  sublabials, 
and  35  longitudinal  ventral  rows. 

Dorsal  pattern  of  holotype  (Fig.  20)  with  six  irregular  yellowish-white 
longitudinal  dorsal  lines  anteriorly  on  a  brownish-black  ground  color, 
becoming  more  broken  and  reticulated  posteriorly;  an  obscure 
dorsolateral  light  line  on  each  side.  Laterally  light  irregular  transverse 
bars  join  the  irregular  dorsolateral  light  stripe  to  produce  a  somewhat 
alternately  light  and  dark  bar  to  mottled  effect.  A  distinct  series  of  eight 
yellowish-white  lines  continue  posteriorly  on  the  first  one-fourth  of  the 
tail  before  fading  into  obscurity;  ventral  surface  of  tail  rather  uniformly 
yellowish-white.  Dorsal  and  posterior  surfaces  of  limbs  distinctly  but 
irregularly  reticulated  with  yellowish-white  and  blackish  brown.  Throat 
white  with  roundish  black  spots  of  varying  size  that  continue  laterally 
onto  side  of  head  (Fig.  20).  Venter  predominately  white,  but  with 
numerous  black  flecks  anteriorly,  becoming  less  frequent  posteriorly. 
Ventral  surfaces  of  forelimbs  grayish  with  irregularly  placed  black  spots. 
Ventral  surfaces  of  hindlimbs  yellowish-white. 

Adults  of  reticuloriens  tend  to  possess  more  lined  dorsal  patterns 
(patterns  3-6,  Fig.  3)  than  do  specimens  of  marmoratus  (Fig.  17).  There 
is  an  ontogenetic  change  in  color  pattern  as  is  found  in  marmoratus.  The 
tendencies  are  similar  in  that  hatchlings  of  each  tend  to  be  more 
distinctly  lined  and  increasingly  become  more  reticulated  with  increasing 
size  (Fig.  13).  The  occurrence  of  dorsally  and  ventrally  patternless 
individuals  of  reticuloriens  was  noted  by  Ballinger  and  McKinney  (1968) 
in  specimens  from  Crane  County,  Texas.  Similar  individuals  with  a 
uniformly  brownish-gray  dorsum  and  immaculate  white  venter  were 
found  in  Texas  in  Brewster,  Presidio,  Terrell,  and  Val  Verde  Counties. 
Only  in  the  area  around  Langtry,  Val  Verde  Co.,  Texas,  did  the 
patternless  morphs  appear  to  comprise  a  significant  portion  of  the 
population.  Nine  patternless  individuals  (five  males,  four  females)  were 
present  among  a  sample  of  26,  constituting  35  percent  of  the  local  area’s 
pattern  type.  Ballinger  and  McKinney  reported  that  four  of  17 
individuals  in  the  Crane  County  population  were  patternless.  The 
Langtry  population  also  appears  to  be  occupying  a  suboptimum  habitat, 
primarily  narrow  strips  of  desert  vegetation  (creosote  bush  and  ocotillo, 
Fouquiera  spledens)  invaded  by  modern  ground  cover  and  abutted  by 
rocky  hillsides.  The  reticuloriens  in  the  area  appear  to  be  more  wary  than 
is  typical  of  reticuloriens  throughout  its  range  and  readily  retreat  to  the 
grass-covered  rocky  hillsides  when  pursued. 

Remarks. — C.  m.  reticuloriens  is  in  the  northern  subspecies  cluster  with 
marmoratus ,  as  discussed  previously,  and  is  the  only  subspecies  to 
integrade  with  all  four  subspecies.  The  areas  of  intergradation  with 
marmoratus  were  discussed  under  that  account.  Northern  Coahuila  is 
poorly  represented  by  specimens  of  C.  marmoratus  in  collections, 
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Figure  20.  Dorsal  lateral  and  ventral  patterns  of  holotype  of  Cnemidophorus  marmoratus 
reticuloriens.  Adult  male,  80mm  SVL,  TCWC  39509,  24.7  mi.  NW  Fort  Stockton,  Pecos 
Co.,  Texas. 

probably  because  of  the  inaccessability  of  the  area  rather  than  the  paucity 
of  individuals.  Sample  12  (Fig.  6)  comprises  a  rather  enigmatic  sample 
because  of  its  scutal  inconsistencies  and  affinities  in  the  multivariate 
analysis  (Fig.  9)  with  marmoratus.  The  sources  of  error  have  been 
discussed  previously,  but  the  geographic  intermediacy  of  this  sample 
between  northern  and  southern  samples  of  reticuloriens  render  the  sample 
critical.  It  is  possible  it  is  a  disjunct  population  of  marmoratus  inferring 
that  C.  marmoratus  is  presently  restricted  to  various  bolsons  in  the  area 
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and  does  not  enjoy  continuous  distribution  between  intermontane 
bolsons.  The  scutellation  and  pattern  characteristics  do  not  indicate  that 
the  sample  is  influenced  directly  by  pulcher  from  the  south.  The  true 
affinities  of  C.  marmoratus  in  northwestern  Coahuila  must  remain 
somewhat  enigmatic  pending  further  collecting.  In  most  characteristics, 
the  specimens  from  the  Cuatro  Cienegas,  Coahuila,  area  ally  with 
reticuloriens  and  are  treated  as  such  here.  Assuming  reticuloriens  to  be 
in  the  Cuatro  Cienegas  area,  one  must  interpret  the  long  basin  west  of 
Cuatro  Cienegas  (sample  24,  Fig.  6)  to  harbor  intergrades  between 
pulcher  and  reticuloriens.  Two  expeditions  into  that  basin  have  yielded 
specimens  that  appeared  to  be  slowly  grading  from  reticuloriens  to 
pulcher  on  the  basis  of  color  pattern. 

The  zone  of  intergradation  between  reticuloriens  and  variolosus  occurs 
in  a  narrow  pass  approximately  40  miles  northeast  of  San  Pedro, 
Coahuila  (southern  portion  of  sample  23,  Fig.  6).  The  two  taxa  were  not 
observed  in  contact  during  our  several  visits  to  the  pass  in  the  spring  and 
summer  of  1973.  The  two  are  separated  in  the  pass  by  only  a  few 
hundred  meters  of  seemingly  suboptimum  habitat.  An  important  limiting 
factor  is  the  presence  of  grasses  and  shrubs  creating  a  denser  ground 
cover  in  the  pass  than  on  the  adjacent  desert  floor  areas.  An  even  more 
important  factor  limiting  contact  may  be  the  dense  and  well-established 
populations  of  Cnemidophorus  septemvittatus  in  the  pass  and  on 
adjacent  slopes  that  may  competitively  exclude  the  invasion  of  C. 
marmoratus.  Periods  of  drought  surely  cause  C.  septemvittatus  to  retreat 
up  the  slopes  with  the  receding  vegetation  and  allow  contact  between  the 
northern  and  southern  populations  of  C.  marmoratus.  Specimens  north 
of  the  pass  clearly  show  variolosus  influence  in  characteristics  of 
scutellation  and  pattern. 

The  contact  between  reticuloriens  and  nigroriens  occurs  in  Nuevo  Leon 
approximately  five  miles  west  of  Mina  (sample  22,  Fig.  6).  The  area  west 
of  Mina  is  variously  broken  topographically  into  series  of  low  hills,  with 
a  narrow  desert  corridor  to  the  southwest  for  the  entrance  of  nigroriens. 
To  the  northeast,  reticuloriens  readily  filters  into  the  region  and  appears 
to  be  more  influenced  by  genetic  material  of  nigroriens  than  the  reverse. 
The  characteristics  of  scutellation  of  nigroriens  apparently  move  as  far 
northwest  as  Monclova  in  reticuloriens ,  but  appear  not  to  affect 
nigroriens  to  the  southwest. 

Etymology. — The  name  reticuloriens  is  derived  from  the  Latin  words 
reticulum ,  “a  net,”  and  oriens ,  “the  east,”  in  reference  to  the  most  eastern 
C.  marmoratus  with  a  net-like  dorsal  pattern. 

Specimens  examined. — A  total  of  900  specimens  of  C.  m.  reticuloriens 
were  examined  with  complete  scale  counts  taken  from  315.  See 
Specimens  Examined  for  specific  localities. 
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Cnemidophorus  marmoratus  pulcher  Williams,  Smith,  and  Chrapliwy 

Cnemidophorus  tigris  pulcher  Williams,  Smith,  and  Chrapliwy,  1960. 

Cnemidophorus  tigris  marmoratus ,  Webb,  1960. 

Holotype. — UIMNH  43762  (adult  male,  not  examined). 

Type  locality. — 1.2  mi.  NW  Carillo,  Chihuahua. 

Distribution — Extreme  southeastern  Chihuahua,  northeastern  tip  of 
Durango,  and  west-central  Coahuila;  bounded  within  the  limits  of 
103°  10'  W  to  104° 20'  W  longitude  and  26°30'  N  to  27°20'  N  latitude  (III 
of  Fig.  19). 

Diagnosis.  —  Cnemidophorus  marmoratus  pulcher  is  most  readily 
distinguished  from  other  C.  marmoratus  by  color  pattern.  In  pulcher ,  the 
venter  is  predominantly  black  with  white  flecks  (patterns  7-8,  Fig.  5)  as 
opposed  to  white  with  black  flecks  in  marmoratus  and  reticuloriens.  The 
throat  pattern  of  pulcher  is  a  series  of  black  and  white  irregular  lines 
(patterns  6-8,  Fig.  4)  as  opposed  to  the  back  throats  of  variolosus  and 
nigroriens. 

Description. — Maximum  observed  SVL  for  males,  106  mm,  for 
females,  96  mm.  Ranges  for  each  character  value  of  147  specimens 
followed  by  parentheses  including  subspecies  mean,  ±  one  standard 
deviation,  and  value  for  holotype  where  available  from  original 
description:  GAB  82-110  (93.4  ±  6.0,  93);  GIPBT  160-218  (186.6  ±  11.7, 
188);  GMP  39-62  (49.7  ±  4.7);  DL  61-79  (69.9  ±  3.9);  FP  37-50  (44.2 
±  2.6,  45);  ANCO  1-4  (3.0  ±  0.8,  3);  GBSC  10-38  (19.5  ±  5.4);  LSORS 
2-6  (4.3  ±  0.7);  LSOG  38-96  (62.5  ±  10.5);  COS  6-30  (17.7  ±  4.2). 
Additional  features  of  scutellation  common  to  each  subspecies  were 
discussed  at  the  beginning  of  the  subspeciess  accounts. 

Color  patterns. — The  dorsal,  ventral,  and  throat  patterns,  described  by 
Williams  et  al.  (1960),  alone  segregate  into  the  central  subspecies  cluster 
(see  previous  discussion).  Ontogenetic  change  does  not  seem  to  be 
pronounced  in  pulcher ,  although  the  four  known  specimens  less  than  60 
mm  SVL  are  not  typical  of  marmoratus  and  reticuloriens ,  but  rather 
exhibit  bold  reticulations  of  transverse  bars  and  spots,  usually 
transversely,  across  the  dorsum.  In  some  adults,  the  lateral  field  consists 
of  large  light  colored  spots  in  the  dark  fields.  The  constancy  (Fig.  17) 
of  the  rather  unique  dorsal  patterns  (patterns  15-20,  Fig.  3)  provide  the 
most  reliable  means  of  identification  in  the  peripheral  portions  of  the 
range. 

Remarks.  —  C.  marmoratus  pulcher  intergrades  with  reticuloriens  to  the 
east  and  variolosus  in  at  least  two  areas  to  the  south.  The  western 
portion  of  the  range  of  pulcher  becomes  grassy,  which  apparently  limits 
its  westward  distribution.  In  the  northern  portion  of  its  range,  however, 
it  may  contact  reticuloriens ,  although  the  topographic  relief  of  the  area 
suggests  not.  Throughout  most  of  its  range,  pulcher  inhabits  reddish- 
brown  sand  dunes  or  loose  sandy  soils  with  numerous  grass  hummocks 
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interspersed  with  areas  of  open  ground,  often  including  creosote  bushes. 
In  the  eastern  portion  of  its  range,  a  long,  fairly  narrow  basin  connects 
pulcher  with  reticuloriens  of  the  Cuatro  Cienegas  Basin.  An  expedition 
through  the  area  (sample  24,  Fig.  19)  in  the  spring  of  1973  revealed  that 
even  though  a  gradual,  but  perceivable,  change  in  dorsal  pattern  from 
typical  reticuloriens  to  pulcher  occurs  in  the  basin,  little  change  in  throat 
and  ventral  pattern  is  detected.  Specimens  from  sample  24  (Fig.  6)  were 
collected  on  light-colored,  usually  well-packed  adobe,  and  occasionally  on 
loose  sandy  soils.  When  the  reddish-brown  soils  were  encountered,  an 
immediate  change  in  throat  and  ventral  pattern  more  typical  of  pulcher 
was  noted. 

Intergradation  between  pulcher  and  variolosus  was  found  in  two  areas. 
The  12  specimens  (UF  30014-25)  in  Sample  29  (Fig.  19)  are  from  near 
Ceballos,  Durango,  and  represent  nearly  perfect  intergrades  on  the  basis 
of  patterns;  scale  counts  however  are  more  like  pulcher.  The  area  in  the 
immediate  vicinity  of  Ceballos  has  light  adobe  soils,  and  our  several  visits 
to  the  area  in  the  spring  and  summer  of  1973  produced  no  specimens. 
The  nearest  C.  marmoratus  found  in  the  area  was  C.  m.  pulcher ,  22  miles 
east  of  Ceballos,  where  the  reddish-brown  soils  and  grassy  hummocks 
began.  It  is  quite  likely,  considering  the  terrain,  that  this  population 
eventually  contacts  variolosus  to  the  south.  The  other  area  of  known 
contact  between  pulcher  and  variolosus  occurs  approximately  30  miles 
north  of  Tlahualilo,  Durango.  Sample  33,  consisting  of  three  specimens 
26  miles  north  and  one  specimen  29.8  miles  north  of  Tlahualilo  have 
dark  throats  and  chests  typical  of  variolosus.  A  series  of  12  specimens 
from  31.9  miles  north  of  Tlahualilo  have  dorsal  patterns  and  scutellation 
typical  of  pulcher ,  but  throat  and  ventral  patterns  more  typical  of 
variolosus.  The  area  of  contact  is  in  a  narrow  basin  with  light  adobe  soils 
gradually  becoming  sandy  when  pulcher  was  encountered.  Only  when  the 
reddish-brown  soils  are  encountered  again,  some  10  miles  to  the  north, 
are  the  typical  throat  and  ventral  patterns  of  pulcher  manifested. 

Webb  (1960)  reported  on  a  series  of  specimens  from  within  the 
presently  recognized  range  of  C.  m.  pulcher ,  just  prior  to  the  description 
of  pulcher ,  as  being  intergrades  between  variolosus  and  marmoratus.  Our 
original  impression  was  that  pulcher  might  represent  a  zone  of 
intergradation,  based  on  the  restricted  known  geographic  range  between 
marmoratus  and  variolosus  and  apparent  intermediacy  of  color  pattern 
in  pulcher.  Subsequent  collections  from  the  area,  expanding  the  known 
range,  but  covering  the  characteristics  of  the  form,  precipitated  the 
conclusion  that  pulcher  is  a  recognizable  biological  entity  and  changes  its 
basic  characteristics  of  scutellation  and  color  pattern  only  in  areas  of 
contact  with  invading  forms. 

Specimens  examined. — Scutellation  data  were  taken  from  147 
specimens  of  149  specimens  of  C.  rn.  pulcher  examined.  See  Specimens 
Examined  for  specific  localities. 
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Cnemidophorus  marmoratus  variolosus  Cope 

Cnemidophorus  variolosus  Cope  1 892a. 

Cnemidophorus  tessellatus  variolosus ,  Cope,  1900. 

Cnemidophorus  melanostethus,  Gadow,  1906. 

Cnemidophorus  tessellatus  tessellatus ,  Burt,  1931. 

Cnemidophorus  tigris  tigris.  Smith  and  Burger,  1949. 

Cnemidophorus  tigris  marmoratus ,  Burger,  1950. 

Cnemidophorus  tigris  variolosus ,  Zweifel,  1959. 

Holotype. — USNM  3066  (subadult  male,  examined). 

Type  locality. — Parras,  Coahuila. 

Distribution. — Southwestern  Coahuila,  and  northeastern  Durango;  in 
general  bounded  by  102°  to  104°  W  longitude  and  25°  to  26°  20'  N 
latitude  (IV  of  Fig.  19). 

Diagnosis.  —  Cnemidophorus  marmoratus  variolosus  is  most  easily 
differentiated  from  marmoratus,  reticuloriens ,  and  pulcher  by  the 
presence  of  a  solid  dark  (gray  to  black)  throat,  rather  than  white  with 
black  spots  or  with  white  and  black  lines.  Distinguishing  variolosus  from 
nigroriens  is  more  difficult  by  patterns,  although  variolosus  usually  has 
a  grayish  throat  and  nigroriens  has  a  deep  black  throat.  Features  of 
scutellation  separating  variolosus  from  nigroriens  include  higher  FP, 
ANCO,  and  COS  values  and  lower  GAB,  GIPBT,  GMP,  DL,  GBSC, 
LSORS,  and  LSOG  counts.  Allocations  of  individuals  must  be  made  on 
combinations  of  characters  rather  than  single  characters. 

Description. — Maximum  observed  SVL  for  males  and  females  is  99 
mm  and  94  mm,  respectively.  Scale  counts  of  105  specimens  including 
range,  and  in  parentheses  the  mean,  ±  one  standard  deviation  and  value 
for  the  holotype,  follow:  GAB  79-105  (90.6  +  5.3,  91);  GIPB  160-218 
(189.0  ±  11.7,  195);  GMP  38-55  (46.1  ±  3.7,  40);  DL  64-80  (70.3  ±  3.3, 
79);  FP  38-50  (44.7  ±  2.5,  50);  ANCO  1-3  (1.4  ±  0.5,  1);  GBSC  13-26 
(22.5  ±  5.6,  35);  LSORS  43-94  (60.3  ±  8.9,  68);  COS  8-30  (15.3  ±  4.3, 
30).  Other  features  of  scutellation  common  to  variolosus  and  other 
subspecies  were  provided  at  the  beginning  of  the  subspecies  accounts. 

Color  patterns. — The  basic  dorsal,  throat,  and  ventral  pattern  of 
variolosus  is  presented  in  the  description  of  the  southern  subspecies 
cluster.  The  most  frequent  dorsal  patterns  for  variolosus  and  nigroriens 
are  shown  in  Figure  17  and  include  patterns  21-14  (Fig.  3).  There  does 
not  appear  to  be  any  appreciable  ontogenetic  change  in  dorsal  pattern 
(Fig.  15)  as  is  typically  evidenced  in  marmoratus  (Fig.  12)  and 
reticuloriens  (Fig.  13).  The  dorsal  patterns  of  seven  young  variolosus  (35- 
45  mm)  had  reticulated  patterns  with  fewer  spots  than  typical  of  adults, 
but  the  spots  variously  arranged  into  one  to  six  rather  obscure 
longitudinal  rows  as  are  seen  in  some  adults;  none  has  continuous 
distinct  longitudinal  dorsal  light  lines.  The  throat  patterns  of  juveniles  are 
much  lighter  than  those  of  adults.  Some  throat  patterns  are  immaculate 
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white,  others  lightly  suffused  with  gray,  and  others  light  or  gray  with 
dark  streaks  invading  laterally  and  posteriorly.  Specimens  as  large  as  50 
mm  SVL  typically  have  a  grayish  throat,  often  with  small  black  flecks 
that  may  persist  even  in  the  largest  adults.  The  ventral  pattern  of  adult 
variolosus  is  typically  black  with  some  white  flecks  posteriorly  (pattern 
9,  Fig.  5).  Juveniles  have  a  much  lighter  venter,  often  with  a  grayish  cast 
and  dark-edged  scales  near  their  insertion  (pattern  4,  Fig.  5).  A  rather 
rapid  tendency  toward  darker  venters  (patterns  6-7,  Fig.  5)  occurs  by  50 
mm  SVL,  and  by  60  mm  SVL  the  venter  is  usually  rather  solid  black 
(pattern  9,  Fig.  5). 

Remarks. — Intergradation  between  C.  m.  variolosus  and  reticuloriens 
and  between  variolosus  and  pulcher  has  been  discussed  in  each  of  these 
accounts.  Scutellation  and  color  patterns  appear  to  be  remarkably 
consistent  throughout  the  range  of  variolosus ;  few  barriers  to  continuous 
distribution  exist  in  the  range.  Throughout  most  of  its  range  this 
subspecies  occurs  on  level  to  gently  sloping  desert  floor  areas  of  sparse 
vegetation  and  packed  adobe  soils;  variolosus  is  also  the  most  obviously 
abundant  lizard  on  the  sand  dunes  of  the  area.  In  the  eastern  portion  of 
the  range,  an  area  with  apparently  similar  edaphic  factors,  variolosus  is 
less  common,  based  on  our  visits  to  the  area  and  material  in  museum 
collections.  This  same  area  is  where  variolosus  and  nigroriens  meet  and 
presumably  intergrade;  the  type  locality  of  variolosus  is  precariously  close 
to  this  zone  of  possible  intergradation.  A  total  of  less  than  10  specimens 
from  an  east-west  transect  of  50  kilometers  renders  an  adequate 
explanation  of  the  zone  impossible  at  this  time.  At  the  present  time,  a 
sharp  break  in  the  character  trends  between  variolosus  and  reticuloriens 
occurs  at  approximately  the  102nd  Meridian.  More  specimens  are  needed 
from  the  area,  and  a  large  collection  from  Parras  (type  locality)  could 
prove  invaluable. 

Specimens  examined. — A  total  of  241  specimens,  including  complete 
scale  counts  from  105  specimens,  were  examined  from  throughout  the 
range.  See  Specimens  Examined  for  specific  localities. 

Cnemidophorus  marmoratus  nigroriens ,  new  subspecies 
Cnemidophorus  tigris  variolosus ,  Zweifel,  1959. 

Holotype. — Texas  Cooperative  Wildlife  Collection  (TCWC)  43403; 
adult  male,  obtained  by  Fred  S.  Hendricks  and  Burl  Hendricks  on  15 
June,  1973;  orignial  number  FSH-2679. 

Type  locality. — 11.0  mi.  E  Paredon,  Coahuila,  25°  56'  N  latitude, 
100°  50'  W  longitude;  elevation  2700  feet. 

Paratypes. — TCWC  43398-402,  43404-09,  43421,  including  nine  males 
and  three  females,  all  collected  at  the  same  time  and  locality  as  the 
holotype. 
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Distribution. — Southeastern  Coahuila  and  west-central  Nuevo  Leon; 
confined  to  desert  floor  habitat  between  100°40'  W  and  102°00'  W 
longitude  and  25°  20'  N  and  26°  20'  N  latitude  (range  in  Fig.  19  as  V). 

Diagnosis.  —  Cnemidophorus  marmoratus  nigroriens  is  most  easily 
distinguished  from  marmoratus,  reticuloriens ,  and  pulcher  by  its  solid 
black  throat  (Fig.  3,  pattern  9).  The  patterns  of  nigroriens  are  similar  to 
those  of  variolosus,  but  may  be  distinguished  by  combinations  of  scale 
features,  nigroriens  have  higher  counts  of  GAB,  GIPBT,  GMP,  DL, 
GBSC,  LSORS,  and  LSOG,  and  lower  counts  of  FP,  ANCO,  and  COS. 

Description. — Holotype  an  adult  male  88  mm  SVL  and  319  mm  total 
length;  maximum  observed  size  for  nigroriens  male  107  mm  SVL  and 
female  95  mm  SVL.  Ranges  of  scale  count  characters  are  presented  for 
75  specimens;  in  each  parentheses  the  mean,  ±  one  standard  deviation, 
and  value  for  holotype  is  presented:  GAB  83-109  (94.6  ±  5.5,  98);  GIPBT 
181-230  (203.5  ±  10.7,  198);  GMP  40-509  (50.4  ±4.1,  50);  DL  62-80 
(70.7  ±  3.1,  72);  FP  38-48  (42.7  ±  2.4,  47);  ANCO  1-2  (1.1  ±  0.3,  1); 
GBSC  14-39  (25.8  ±  6.4,  27);  LSORS  4-6  (4.9  ±  0.9,  6);  LSOG  48-95 
(67.4  ±  1 1.5,  70);  COS  8-24  (12.5  ±  2.7,  12). 

Other  scutellation  features  typical  of  the  holotype  have  been  presented 
at  the  beginning  of  the  subspecies  accounts.  Additional  characteristics  of 
the  holotype  are:  fourth  supraoculars  quite  small,  only  slightly  larger 
than  adjacent  circumorbital  scales;  five  parietals,  interparietal  three  times 
as  large  as  lateral  parietals,  one  left  and  three  right;  14  occipitals;  7/8 
supercilliaries;  6/7  supralabials;  6/6  sublabials;  small  granular  interlabials 
separate  infralabials  and  sublabials  beginning  in  the  middle  of  the  third 
infralabial  and  progressing  posteriorly;  ventral  plates  in  35  longitudinal 
rows. 

Dorsum  and  dorsal  surface  of  hind  limbs  of  holotype  with  fine 
yellowish-brown  reticulations  on  a  sparse  black  ground  color  (Fig.  21). 
The  yellowish-brown  reticulations  continue  laterally  with  more  black 
laterally,  but  still  predominately  lightly  reticulated.  Ventrolateral  surface 
one-third  distance  between  axilla  and  groin,  from  insertion  of  forelimbs 
black;  dorsal  and  posterior  surfaces  predominately  black,  but  with  faint 
light  reticulations.  Throat  black  and  venter  predominantly  black  with  a 
few7  posterior  scales  with  distal  portions  light  (Fig.  21).  Ventral  portion 
of  hind  limbs  and  ventral  surface  of  anterior  one-fourth  of  tail  with 
central  portion  of  scales  black  and  margins  of  scales  white;  posterior 
three-fourths  of  tail  uniformly  dark  brown. 

The  smallest  nigroriens  observed  was  51  mm  SVL  and  had  dorsal 
pattern  number  15  (Fig.  3).  All  other  specimens  were  subadult  (eight)  or 
adult  (70)  and  indicate  little  evidence  for,  or  against,  ontogenetic 
variation  (Fig.  16).  The  smallest  specimens  have  slightly  more  black 
between  the  light  reticulations,  but  in  general  are  finely  reticulated  as 
adults  (V,  Fig.  16).  Individuals  with  distinct  longitudinal  lines  have  not 
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Figure  21.  Dorsal,  lateral  and  ventral  patterns  of  holotype  of  Cnemidophorus  marmoratus 
nigroriens.  Adult  male,  88mm  SVL,  TCWC  43403,  1 1  mi.  E  Paredon.  Coahuila. 


been  observed,  although  dorsal  pattern  of  spots  faintly  forming  lines  are 
present  in  some  (patterns  21,  22,  Fig.  3). 

The  throat  and  venter  of  individuals  of  nigroriens  are  virtually  solid 
black  with  only  a  few  of  the  posterior  ventral  scales  edged  with  white. 
The  throat  is  typically  black  and  not  frequently  grayish  as  in  variolosus. 
Zweifel  (1959)  noted  the  darker  throat  and  ventral  patterns  of  specimens 
from  the  area  here  recognized  as  inhabited  by  nigroriens . 

Remarks.  —  Cnemidophorus  marmoratus  nigroriens  is  believed  to 
contact  variolosus  to  the  west  as  previously  discussed  in  the  subspecies 
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account  of  that  race.  The  only  other  intraspecific  contact  is  with 
reticuloriens ,  which  nigroriens  contacts  in  the  northeastern  portion  of  its 
range,  approximately  five  miles  west  of  Mina,  Nuevo  Leon.  A  discussion 
of  the  contact  zone  between  nigroriens  and  reticuloriens  has  been 
presented  in  the  subspecies  account  of  the  latter. 

This  eastern  member  of  the  southern  subspecies  cluster,  with 
variolosus,  is  poorly  represented  in  museum  collections,  probably  because 
most  of  its  range  is  not  dissected  by  highways.  The  area  around  the  type 
locality  is  an  intermontane  valley  characterized  by  rocky  hills  surrounded 
by  hard  packed  soils,  rather  devoid  of  grasses,  but  plentiful  xerophytic 
vegetation  in  the  form  of  tasajillo  ( Opuntia  kleiniae),  ocotillo,  and 
creosote  brush.  The  area  is  adequately  supplied  with  sandy  washes 
intermittently  densely  covered  with  short  mesquite  bushes  and  acacia 
(Acacia).  C.  m.  nigroriens  was  observed  throughout  the  flatter  areas  of 
the  terrain,  but  occurred  most  abundantly  near  the  sandy  washes,  along 
the  edges  of  the  denser  vegetation. 

Individuals  of  nigroriens  are  extremely  wary,  seemingly  more  so  than 
other  C.  marmoratus. 

Etymology. — The  name  nigroriens  is  derived  from  the  Latin  words 
nigro ,  “to  be  black,”  and  oriens ,  “the  east,”  in  reference  to  the  most 
eastern  C.  marmoratus  with  a  black  throat  and  venter. 

Specimens  examined. — A  total  of  85  specimens,  complete  scale  counts 
from  75,  were  examined  from  throughout  the  range  of  C.  m.  nigroriens. 
See  Specimens  Examined  for  specific  localities. 

Historical  Relationships 

A  historical  reconstruction  of  events  leading  to  the  current  assemblages 
is  imperative  in  any  study  of  geographic  variation.  Two  requirements  of 
any  such  synthesis  are  a  thorough  knowledge  of  the  current  ecological 
requirements  and  population  structure  of  the  organisms  and  at  least  a 
general  knowledge  of  paleoclimate  and  paleoflora.  The  present  study  has 
revealed  several  important  trends  in  variation  and  areas  of  character 
discordancy.  Deevey  (1949)  bemoaned  our  lack  of  knowledge  of 
Pleistocene  climate  and  flora  in  North  America.  Equally  discouraging, 
Wright  (1971)  indicated  that  one  of  the  principal  gaps  in  our  knowledge 
of  late  quaternary  vegetational  history  exists  in  the  south-central  United 
States  and  adjacent  Mexico,  which  includes  the  range  of  Cnemidophorus 
marmoratus.  Recent  interpretations  of  variation  in  desert-adapted 
organisms  based  primarily  on  information  presented  by  Cohn  (1965) 
working  with  katydids  and  Russell  (1969)  with  pocket  gophers  appear 
useful,  however.  Morafka  (1977)  has  added  substantially  to  the  synthesis 
with  his  herpetofaunal  analysis  of  the  Chihuahuan  Desert. 

Estes  (1970)  indicated  that  the  family  Teiidae  is  primarily  south 
American,  and  the  only  North  American  genus,  Cnemidophorus , 
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probably  invaded  North  America  during  the  Miocene.  Cnemidophorus 
marmoratus  and  C.  tigris  are  probably  the  most  xerophilic  species  in  the 
genus  and  are  widely  distributed  in  the  deserts  of  central  and  western 
North  America.  The  mid-Miocene  orogeny  of  the  Sierra  Madre  of 
Mexico  may  have  presented  an  early  desert  habitat  to  more  arid  adapted 
Cnemidophorus ,  although  the  current  area  of  concern  was  probably  not 
an  effective  desert  prior  to  the  mid-Pliocene  orogeny  of  the  Sierra  Madre 
Oriental  to  the  west,  creating  a  rain  shadow  in  the  area  (Cohn,  1965) 
currently  inhabited  by  C.  marmoratus  east  of  the  Continental  Divide. 
The  central  portion  of  the  mid-Miocene  orogeny  in  western  New  Mexico 
provided  a  relatively  low  desert  corridor  across  the  Continental  Divide. 
Not  until  Pleistocene  glaciation  was  this  desert  corridor  closed  and 
probably  only  intermittently  reopened  as  at  the  present. 

The  effect  of  the  Pleistocene  glaciation  on  the  vegetation  of  north- 
central  Mexico  is  even  more  obscure  than  the  glacial  geology  (Flint, 
1971).  Russell  (1969)  inferred  that  much  of  the  Chihuahuan  Desert  was 
boreal  forest  during  the  maximum  Wisconsin  Glacial  Age  and  that  desert 
habitats  were  severly  reduced.  Flint  (1971),  examining  pollen  data  and 
estimating  temperature  and  rainfall  regimes,  predicted  that  large  areas  of 
north-central  Mexico  and  western  Texas  were  invaded  by  a  pinyon- 
juniper  woodland,  displaced  some  1000  meters  downward  from  present 
distributions.  Wells  (1966)  analyzed  late  Pleistocene  woodrat  middens 
from  various  elevational  strata  in  the  Chisos  Mountains  of  western  Texas 
and  concluded  that  downward  displacement  of  woodland  vegetation  was 
more  likely  600  meters.  Even  at  the  600  meter  level  he  found  evidence 
for  existence  of  rather  continuous  pinyon-juniper-oak  vegetation  heavily 
invaded  by  xerophylic  vegetation,  not  precluding  the  existence  of  lower 
areas  harboring  Chihuahuan  Desert  similar  to  present.  Dillon  (1956)  and 
Cohn  (1965)  indicated  that  the  area  of  the  Chihuhuan  Desert, 
corresponding  to  the  range  of  C.  marmoratus  considered  here,  was  not 
significantly  more  moist  during  Wisconsin  maximum  than  it  is  today  due 
to  its  intermontane  position.  Wright  (1971)  indicated  that  much  of  the 
present  arid  Southwest  was  dissected  with  pluvial  lakes  and  basins. 
Available  evidence  indicates  that  alternating  contractions  and  expansions 
of  the  desert  habitats  have  occurred  during  the  Pleistocene  either  by 
extensive  lakes  in  the  closed  basin,  decreases  in  temperature,  or 
combinations  of  these  factors,  promoting  substantial  alteration  of  the 
vegetation. 

The  inferences  relative  to  Cnemidophorus  marmoratus  must  be  that 
either  C.  tigris  stock  invaded  into  the  Chihuahuan  Desert  from  the 
western  deserts  after  the  Wisconsin  glaciation  or  that  C.  marmoratus 
survived  the  variously  contracted  and  expanded  habitat  of  the  area 
corresponding  to  glacial  and  interglacial  sequences  during  the  Pleistocene. 
We  consider  the  second  alternative  as  most  tenable,  in  that  the  present 
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Figure  22.  Diagramatic  representation  of  the  proposed  relationships  of  the  subspecies  of 
Cnemidophorus  marmoratus.  Dashed  lines  indicate  period  of  secondary  intergradation. 


narrow  desert  corridor  to  the  western  deserts  is  open  only  in  southern 
New  Mexico.  We  believe  that  several  contractions  of  the  desert  habitat 
produced  the  present  diversity  of  C.  tigris  and  C.  marmoratus. 

An  early  contraction  of  the  range  of  C.  marmoratus  into  northern  and 
southern  units,  representing  the  then  undifferentiated  subspecies  clusters 
of  the  north  ( marmoratus ,  reticuloriens)  and  the  south  ( variolosus , 
nigroriens ,  resulted  in  two  basic  stocks  surviving  the  pluvial  period.  The 
interglacial  period  culminated  in  secondary  contact  between  the  then 
differentiated  light-colored  northern  forms  and  dark-colored  southern 
forms.  The  next  glacial  period  again  contracted  the  range  of  the  northern 
and  southern  groups,  but  also  isolated  a  region  consisting  of  secondary 
contact  between  the  northern  and  southern  forms.  This  intermediate 
isolate,  here  restricted  to  the  reddish  sand  dunes  of  an  old  Permian 
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shoreline,  became  genetically  stable.  The  contraction  of  the  ranges  of  the 
northern  and  southern  groups  continued  until  ultimately  each  was 
separated  into  an  eastern  and  western  component  by  series  of  mountains, 
lakes,  and  incompatable  vegetation.  This  latest  contraction  produced  the 
subspeciation  within  each  subspecies  cluster.  Only  in  our  present 
interglacial  period  have  the  ranges  of  each  subspecies  and  subspecies 
cluster  continued  to  expand  and  again  recontact  each  other.  This  latest 
expansion  also  has  resulted  in  the  contact  between  C.  marmoratus  and 
the  western  desert  C.  tigris  gracilis  (Zweifel,  1962). 

The  intergrade  origin  of  pulcher  seems  remarkable,  but  affords  the 
most  reasonable  explanation  on  the  basis  of  the  characters  observed, 
particularly  those  of  coloration.  Some  supporting  evidence  for  the  origin 
of  pulcher  is  provided  in  the  scutellation  data  when  intergrades  between 
the  northern  and  southern  subspecies  clusters  produce  populations  that 
resemble  pulcher  in  the  multivariate  analyses.  Color  patterns  of  these 
intergrades  are  variable  and  do  not  characteristically  resemble  pulcher , 
although  some  do.  The  present  characteristics  of  pulcher  appear  to  be 
stable  throughout  its  present  range. 

At  the  present  time  reticuloriens  enjoys  the  largest  geographic  range. 
Its  distribution  in  northeastern  Chihuahua  and  northwestern  Coahuila 
and  continuity  with  central  Coahuila  populations  is  poorly  known  at 
present.  It  is  possible  that  recontact  between  several  of  these  populations 
isolated  in  the  Wisconsin  has  not  been  established.  Our  best 
interpretation  of  the  origin  sequence,  and  present  status  of 
Cnemidophorus  marmoratus  is  presented  in  Figure  22. 

Specimens  Examined 

Specific  localities  for  the  specimens  used  in  the  study  are  presented 
under  the  appropriate  taxon.  Preceeding  each  locality  is  the  sample 
number,  in  parenthesis,  corresponding  to  the  samples  of  Figure  6. 
Museum  abbreviations  are  provided  in  the  Methods  and  Materials 
section.  Following  each  locality  is  the  latitude  and  longitude  in  degrees 
and  minutes,  in  an  abbreviated  form  in  parenthesis,  in  the  order:  degrees 
and  minutes  (north  latitude)  X  degrees  and  minutes  (west  longitude). 
Cnemidophorus  marmoratus  marmoratus 

NEW  MEXICO.  Bernalillo  Co.:  (1)  AMNH  86834-35—17.2  mi.  SW  (road)  jet.  U.S.  85 
and  New  Mexico  44  on  U.S.  85  (35.06  X  106.37).  Dona  Ana  Co.:  (1)  TCWC  22609-18, 
LACM  28331-80—2.5  mi.  W,  1  mi.  S  Mesilla  (32.15  X  106.50);  (1)  TCWC  35472-73—5  mi. 
NW  Las  Cruces,  Picacho  Mountains  (32.23  X  106.55);  (1)  NMSU  422-27—8  mi.  E 
University  Park  on  Dripping  Springs  Road  (32.18  X  106.37).  Luna  Co.:  (2)  MCZ  110154- 
55— Deming  (32.16  X  107.45);  (2)  MCZ  114587-88—10  mi.  W  Deming  (32.15  X  107.56); 
(2)  UF  30006-10—5  mi.  S  Deming  (32.11  X  107.45);  (2)  LACM  62065-66—17.6  mi.  E 
Deming  on  US  80  (32.14  X  107.27);  (2)  LACM  62067—23.5  mi.  E  Deming  on  US  80  (32.13 
X  107.20);  (2)  FMNH  51896-99—5  mi.  W  Columbus,  R.  V.  Moore  Ranch  (31.48  X  107.44); 
(2)  LSUMZ  9746-47—2  mi.  E  Akela  (32.14  X  107.19).  Otero  Co.:  (3)  AMNH  885,  888, 
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890,  892-93,  896-98,  901-02,  905-06,  908-09,  913-15,  918-19,  922,  925,  928,  932,  934,  936, 
939-40,  943-45,  949,  951,  957,  959-63,  965-67,  969,  978,  981,  983-85,  989,  992,  994,  996,  998, 
1000,  1007,  ANSP  15061-64,  15073-79,  15092,  15097,  15102,  15107,  15111,  15118-21,  15124, 
15129,  15139-41,  15146-48,  15162,  15171-72,  15178-82— Alamogordo  (32.54  X  105.57);  (3) 
LACM  66272-73— Orogrande  (32.23  X  106.06);  (4)  TCWC  42271-72—14  mi.  SSE 
Orogrande  (32.11  X  106.13);  (4)  USL  16387-94,  16406-14,  16500-08,  16543,  17252—2  mi. 
N.  Texas  -New  Mexico,  border  on  US  54  (32.02  X  106.19).  Sandoval  Co.:  (1)  UCM 
36359 — 3.5  mi.  N  Pena  Blanca,  Rio  Grande  (35.36  X  106.20).  Sierra  Co.:  (1)  CM  48794- 
811,  MCZ  100422— Caballo  Dam  (32.53  X  107.18);  (1)  MCZ  100084-85,  100423— vacant  lot 
in  Hot  Springs  (33.08  X  107.15).  Socorro  Co.:  (1)  MCZ  100086-87,  114586— U.S.  85,  1  mi. 

5  Socorro  (34.01  X  106.54);  (1)  AMNH  92210-12— Socorro  (34.04  X  106.54);  (1)  AMNH 
84837-39— vicinity  of  San  Marcial  (33.41  X  107.00);  (1)  MSB  19218,  20081-85— San  Acacia 
Dam  (34.16  X  106.52);  (1)  MSB  20091-92—1.5  mi.  E  San  Acacia  (34.16  X  106.50);  (1)  MSB 
20093 — just  west  of  San  Acacia  Dam,  mesquite  flat  (34.16  X  106.52);  (1)  MSB  20095-97 — 
1.5  mi.  W  Bernardo  (34.26  X  106.51);  (1)  MSB  20120-21—4  mi.  N  San  Acacia  (34.20  X 
106.52).  Valencia  Co.:  (1)  KU  12919— Los  Lunas  (34.49  X  106.44). 

TEXAS.  (A)  USNM  3024  (2  spec.) — between  San  Antonio  and  El  Paso  del  Norte.  El 
Paso  Co.:  (4)  ANSP  17509— east  of  Franklin  Mts.,  El  Paso  (31.50  X  106.27);  (4)  UTEP 
1149—2.8  mi.  N  62-180  on  Hueco  Tanks  Road  (31.52  X  106.04);  (4)  LACM  66279,  UCM 
6119-20,  UTEP  608,  655,  1148,  1645,  1946— Hueco  Tanks  State  Park  (31.55  X  106.03);  (4) 
TCWC  39632-54—0.2  mi.  NE  El  Paso  (city  limits),  3850  ft.  (31.56  X  106.22);  (4)  TCWC 
4572—9  mi.  NW  El  Paso  (31.53  X  106.35);  (4)  TCWC  39655-58—4.7  mi.  S  Hueco  Tanks 
State  Park,  RR  2775,  4400  ft.  (31.52  X  106.04).  Hudspeth  Co.:  (7)  NLU  10414,  FWM  5422- 
23,  5425-30—9  mi.  WNW  Sierra  Blanca  (31.13  X  105.30);  (7)  UTEP  763—3  mi.  N  Fort 
Hancock  (31.20  X  105.53);  (7)  SRSU  940,  943,  953 — 10  mi.  SW  Sierra  Blanca,  James  Peace 
Ranch  (31.05  X  105.27);  (7)  SRSU  946 — S  end  Quitman  Mts.,  Pease  and  Cowin  ranches, 
4400  ft.  (31.05  X  105.27);  UMMZ  1131 18-19 — near  Sierra  Blanca  (31.11  X  105.21).  Presidio 
Co.:  (11)  USL  6850—23  (road)  mi.  ESE  Presidio  (29.23  X  104.06);  (11)  TCWC  27625-29— 
8  mi.  NE  Candelaria  (30.13  X  104.37);  (11)  TCWC  22869-72—3  mi.  W  Presidio,  near  Hwy. 
170  (29.35  X  104.24);  (11)  TCWC  25872-77—23.6  mi.  NW  Presidio,  Simon  Gonzales  Ranch 
(29.43  X  104.29);  (11)  TCWC  33267-68,  TCWC  C&S  198-291— vicinity  of  Presidio  (29.34 
X  104.22);  (11)  UOMZ  29242—10  mi.  W  Presidio  (29.40  X  104.30);  (11)  UOMZ  29837— 

6  mi.  S  Shafter  (29.45  X  104.21);  (11)  UOMZ  29237-39—2  mi.  SE  Redford  (29.26  X 

104.10);  (11)  UOMZ  29244—13.5  mi.  SE  Redford  (29.20  X  104.40);  (11)  TTU  1389  (19 
spec.)— 8  mi.  NW  Candelaria  (30.15  X  104.42);  (11)  TNHC  4232-52—5  mi.  NW  Porvenir, 
near  Rio  Grande  (30.30  X  104.52);  (11)  TCWC  22818— .5  mi.  S  Shafter,  near  Hwy.  67 
(29.49  X  104.19);  (11)  TCWC  37612—21  mi.  W  Lajitas,  Closed  Canyon  (29.21  X  104.03); 
(11)  LSUMZ  23449—8.3  (road)  mi.  SE  Redford  (29.23  X  104.06);  (11)  LSUMZ  23450-51 
7.8  (road)  mi.  SE  Redford  (29.23  X  104.06);  (11)  USL  16491-95—1  mi.  E  Presidio  on  Texas 
170  (29.33  X  104.21);  (11)  USL  16488—13.5  mi.  SSE  Presidio  on  Texas  170  (29.29  X 
104.12);  (11)  TCWC  39668—12.8  mi.  SE  Redford,  Farm  Road  170,  2400  ft.  (29.20  X 
104.03);  (11)  TCWC  22823—8  mi.  W  Presidio,  B.  Valentine  Ranch  (29.38  X  104.28);  (11) 
TCWC  25855,  25878—6.1  mi.  NW  Presidio  on  RR  170  (29.37  X  104.27);  (11)  TCWC 
22817,  22868— .5  mi.  N  Presidio,  A  &  M  Lab  (29.35  X  104.22);  (11)  TCWC  39563—7.1 
mi.  SE  Redford,  2400  ft.  (29.22  X  104.06);  (11)  LSUMZ  23453—9.7  mi.  SE  Redford  (29.22 
X  104.06);  (11)  TCWC  25838-39— Fuentes  Ranch,  Shafter  (29.49  X  104.19);  (11)  TCWC 
22813-16,  22874 — 1  mi.  N  Presidio,  Cibolo  Creek  and  Hwy.  67  (29.35  X  104.22);  (11) 
TCWC  22863-67  l  mi.  NE  Presidio,  near  A  &  M  Lab  (29.35  X  104.22);  (11)  TCWC 
22819-22,  22873—3  mi.  E  Presidio,  near  Fort  Leaton  (29.32  X  104.19);  (11)  TCWC  22824— 
13  mi.  W  Presidio,  on  Hwy.  170  (29.42  X  104.31);  (11)  TCWC  29400—16.9  mi.  NW,  7.2 
mi  E  Presidio,  3600  ft.  (29.46  X  104.27);  (11)  TCWC  29368—3.5  mi.  N  Presidio,  off  U.S. 
Hwy  67  (29.37  X  104.22);  (11)  TCWC  25840—11.7  mi.  N  Presidio,  along  U.S.  Hwy.  67 
(29.44  X  104.21);  (11)  TCWC  29388-91,  29393-99  12.5  mi.  N  Presidio,  3650  ft.  (29.45  X 
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104.21) ;  (11)  TCWC  39602-07 — 22.7  mi.  NW  Presidio,  Ireneo  Gonzales  Ranch,  3250  ft. 
(29.50  X  104.35);  (11)  TCWC  25847-54—26  mi.  NW  Presidio,  Ireneo  Gonzales  Ranch 
(29.50  X  104.35);  (11)  TCWC  25841-42,  25856,  39562,  39669-70—8.1  mi.  SE  Redford  (29.22 
X  104.05). 

MEXICO.  Chihuahua :  (2)  BYU  14508—21.5  mi.  N  Ascension  (31.19  X  107.46);  (2)  KU 
47389-99— Vado  de  Fusiles  (31.33  X  107.37);  (2)  KU  44252-58— Ojo  Palomo  Viejo  (31.43 
X  107.37);  (4)  BYU  15204-06—36  mi.  S  Juarez  City  (31.12  X  106.30);  (4)  BYU  15208 — 
30  mi.  S  Juarez  City  (31.18  X  106.30);  (4)  KU  33731,  33737,  33739—37  mi.  S,  3  mi.  W 
Juarez  (31.10  X  106.30);  (4)  USNM  104915—29  mi.  S  Juarez  (31.22  X  106.28);  (4)  USNM 
104914—23  mi.  S  Juarez  (31.28  X  106.28);  (4)  AMNH  68424  (4  spec.),  64825-26— 
Samalayuca  (31.20  X  106.29);  (4)  LACM  53382-87—6-7  mi.  S  Juarez  on  Hwy.  45  (31.40 
X  106.26);  (4)  FMNH  51892-95—2-4  mi.  W  Samalayuca  (31.21  X  106.32);  (4)  UCM  22809- 
11—24  mi.  S  Ciudad  Juarez  (31.23  X  106.28);  (8)  KU  50152-82—3  mi.  N  Moctezuma  (30.13 
X  106.27);  (8)  KU  49626-27—3.5  mi.  ESE  Los  Lamentos  (30.34  X  105.47);  (8)  KU  49624- 
25—8  mi.  E  Villa  Ahumada  (30.38  X  106.22);  (8)  KU  45293-301—22  mi.  E  Villa  Ahumada 
(30.37  X  106.08);  (8)  USNM  104916-26—11  mi.  S  Ahumada  (30.27  X  106.31);  (8)  USNM 
104927-28—7  mi.  NE  Carrizal  (30.37  X  106.33);  (8)  USNM  104929—6  mi.  SW  Rancho 
Nuevo  (30.34  X  106.59);  (8)  USNM  104930-31 — Rio  Sta.  Maria,  near  Progreso  (30.14  X 

107.22) ;  (8)  UCM  8688-89,  8691-96—35  mi.  S  Samalayuca  (30.52  X  106.29);  (8)  UCM 
37963 — 0.6  mi.  N  Moctezuma  (30.12  X  106,27);  (8)  UCM  37964 — 8.6  mi.  S  Moctezuma 
(30.04  X  106.24);  (11)  KU  51838-39,  51854—5  mi.  WNW  Ojinaga  (29.34  X  104.27);  (11) 
KU  51855-57—10  mi.  W  Ojinaga  (29.35  X  104.35);  (11)  AMNH  88410-1 1— Ojinaga  (29.33 
X  104.25). 

Cnemidophorus  marmoratus  marmoratus  X  reticuloriens 
TEXAS.  Culberson  Co.:  (6)  TCWC  39630-31—31.5  mi.  NE  Van  Horn,  Ranch  Road, 
4100  ft.  (31.18  X  104.34);  (6)  SRSU  2457-59,  2466—5  mi.  W  Van  Horn  (31.03  X  104.55); 
(6)  SRSU  2453 — 5  mi.  W  Van  Horn  and  .5  mi.  N  on  Airfield  Road  (31.03  X  104.55);  (6) 
SRSU  2455-56,  2460-63,  2465— .5  mi.  N  Van  Horn  city  limits  on  Hwy.  54  (31.03  X  104.50); 
(6)  SRSU  2454,  2464—2  mi.  E  Van  Horn  (31.03  X  104.  48);  (6)  UMMZ  91497— near  Van 
Horn  (31.03  X  104.50);  (6)  USL  7616-17-1  mi.  W  Van  Horn  (31.03  X  104.52);  (6)  USL 
16523-42—23.6  mi.  S  jet.  US  62-180  on  US  54  (31.27  X  104.50);  (6)  TCWC  39661—22.6 
mi.  N  Van  Horn,  Texas  Hwy.  54,  3450  ft.  (31.21  X  104.49);  (6)  TCWC  42356— Plateau, 
U.S.  Hwy.  80,  4000  ft.  (31.04  X  104.32);  (6)  TCWC  39663-64—43.5  mi.  N  Van  Horn,  Texas 
Hwy.  54,  3500  ft.  (31.36  X  104.51);  (6)  TCWC  39591  —  1.5  mi.  W  Plateau,  U.S.  Hwy.  80, 
4100  ft.  (31.03  'X  104.34);  (6)  TCWC  39564-65—12.1  mi.  NE  Van  Horn,  3650  ft.  (31.06  X 
104.42);  (6)  TCWC  39598-99 —16  mi.  E  Van  Horn  (31.03  X  104.34);  (6)  TCWC  39566, 
39626-28—16.6  mi.  NE  Van  Horn,  3700  ft.  (31.07  X  104.38);  (6)  TCWC  39662—18.5  mi. 
N  Van  Horn,  Texas  Hwy  54,  3700  ft.  (31.17  X  104.50);  (6)  TCWC  39629—26.5  mi.  NE 
Van  Horn,  RR  2185,  3800  ft.  (31.14  X  104.36);  (6)  TCWC  39659-60—28.3  mi.  N  Van  Horn, 
Texas  Hwy.  54,  3450  ft.  (31.25  X  104.51)  (6)  TCWC  39665—50  mi.  N  Van  Horn,  Texas 
Hwy.  54,  3800  ft.  (31.42  X  104.52);  (6)  TCWC  39666-67—56.4  mi.  N  Van  Horn,  jet.  U.S. 
Hwy.  180  and  Texas  Hwy.  54,  4100  ft.  (31.48  X  104.51);  (6)  TCWC  39567-72—63.8  mi. 
NE  Van  Horn,  3500  ft.  (31.35  X  104.15).  Hudspeth  Co.:  (5)  UTEP  1543-47— US  62/180 
about  2.5  mi.  (road)  W  jet.  with  Texas  Farm  Rd.  1437  (31.45  X  105.15);  (5)  UMMZ 
125321  —  13  mi.  SW  Pine  Springs  (31.46  X  104.55);  (5)  USL  16396-405—12  mi.  S  Texas 
2249  on  1437  (31.46  X  105.12);  (6)  TCWC  39561,  42355—0.3  mi.  NE  Hot  Wells,  U.S.  Hwy. 
290,  4200  ft.  (31.01  X  105.01). 

Cnemidophorus  marmoratus  reticuloriens 

NEW  MEXICO.  Chaves  Co.:  (15)  NMSU  1479—10  mi.  NE  Roswell  (33.32  X  104.56); 
(15)  MSB  12487-87—32  mi.  W  Roswell  on  380  (33.20  X  104.56);  (15)  MSB  12487-88—32 
mi.  W  Roswell  on  380  (33.20  X  105.03);  (15)  LACM  66271,  MSB  13856-69 — W  side 
Mescalera  Sds.,  38  mi.  E  Roswell  (33.25  X  103.52);  (15)  LACM  7812 — 21  mi.  NE  Roswell 


392 


THE  TEXAS  JOURNAL  OF  SCIENCE— VOL.  38,  NO.  4,  1986 


(33.37  X  104.17);  (15)  LACM  7813—13  mi.  N,  3  mi.  E  Roswell  (33.37  X  104.28);  (15) 
LACM  66270 — 29.5  mi.  E  entrance  to  Bottomless  Lakes  State  Park  (33.25  X  103.52).  Eddy 
Co.:  (15)  TCWC  37962,  NLU  33070—5  mi.  E  Carlsbad,  U.S.  Hwy.  62-180,  3100  ft.  (32.28 
X  104.09);  (15)  MCZ  62331-32— Artesia  (32.50  X  104.25);  (15)  NLU  24058-62—7.4  mi.  W, 
0.8  mi.  N  Malago,  Black  River  (32.14  X  104.12);  (15)  MSB  19223—3  mi.  on  jet.  to  Black 
River,  US  285  (32.16  X  104.14);  (15)  MSB  22220-22—8  mi.  N,  4  mi.  E  Loco  Hills  (32.56 
X  103.56);  (15)  LACM  7814-15—3  mi.  E  Carlsbad  (32.26  X  104.10);  (15)  LSUMZ  9764- 
67 — 2  mi.  E  jet.  US  285  and  New  Mexico  128-31  on  New  Mexico  128-31  (32.19  X  104.04); 
(15)  LSUMZ  9762—1  mi.  NNW  Carlsbad  (32.28  X  104.16);  (15)  LSUMZ  9761  —  19  mi.  E 
jet.  US  285  and  New  Mexico  128-31  on  New  Mexico  128-31  (32.16  X  103.48);  (15)  LSUMZ 
9760 — 8  mi.  E  jet.  U.S.  285  and  New  Mexico  128-31  on  New  Mexico  128-31  (32.20  X 
104.00).  Lea  Co.:  (15)  FWM  3478,  3512-13-19  mi.  E  Maljamar  (32.56  X  103.23);  (15) 
ASUC  2115,  MCZ  100171— Maljamar  (32.51  X  103.45);  (15)  MSB  6919— approx.  25  mi. 
NW  Jal  (32.11  X  103.36);  (15)  MSB  13928-29— approx.  20  mi.  NW  Jal  (32.10  X  103.31) 
(15)  MSB  13937-38— approx.  2  mi.  NW  Jal  (32.07  X  103.14). 

TEXAS.  Andrews  Co.:  (17)  TTU  3174  (6  spec.),  3310 — 1  mi.  E  Texas-New  Mexico 
border  (32.26  X  103.03);  (17)  TTU  3306—17  mi.  W  Andrews  (32.22  X  102.50);  (17)  MSB 
21323—4  mi.  N,  jet.  Texas  Hwys.  128  and  115  (32.10  X  102.47);  MSB  21324—5  mi.  N, 
1  mi.  E  jet.  Texas  Hwys.  128  and  115  (32.12  X  102.46).  Borden  Co.:  (17)  TTU  2048—16.3 
mi.  S  Post  (32.58  X  101.26).  Brewster  Co.:  (13)  TCWC  12966-68,  12972-94,  16086-89, 
16095-97,  18108-12,  27337-41,  36653-55  Black  Gap  Wildlife  Management  Area  (29.35  X 
102.55);  (13)  TCWC  4568-71— Big  Bend  Nat’l.  Park,  Strawhouse  Valley  (29.22  X  102.52); 
(13)  NMSU  2313-14,  FMNH  27691-92— Big  Bend  Nat’l.  Park,  Boquillas  Canyon  (29.12  X 
102.57);  (13)  TCWC  39470-90,  TCWC  C&S  833—53.1  mi.  SE  Marathon  (29.49  X  102.51); 
(13)  TCWC  25879—19.6  mi.  S  Marathon  (29.57  X  103.15);  (13)  TCWC  16104— Big  Bend 
Nat’l  Park,  Tornillo  Flat  (29.15  X  103.05);  (13)  FMNH  75933—2  mi.  NW  Boquillas  (29.12 
X  103.59);  (13)  LSUMZ  9730-35—27  mi.  S  Alpine  (30.02  X  103.34);  (13)  USL  15571— jet. 
Canyon  Road  and  Santa  Elena  Canyon  in  Big  Bend  Nat’l.  Park  (29.19  X  103.23);  (13)  USL 
15572-76—5.0  mi.  N.  jet.  Canyon  Road  (Big  Bend)  on  Texas  118  (29.19  X  103.28);  (13) 
USL  15582—25  mi.  S  Alpine  on  Texas  118  (30.04  X  103.35);  (13)  USL  16544—1  mi.  SE 
Study  Butte  on  Texas  118  (29.18  X  103.31);  (13)  USL  16429-30,  16432-37 — 21 .2  mi.  N  jet. 
Texas  2627  on  Texas  385  (29.57  X  103.15);  (13)  TCWC  25844-45—73  mi.  S  Alpine  (29.24 
X  103.31);  (13)  TCWC  4566— Dagger  Flat,  Big  Bend  Nat’l.  Park,  3250  ft.  (29.32  X  103.04); 
(13)  LSUMZ  23455—71.8  mi.  S  Alpine  (29.23  X  103.31);  (13)  TCWC  16090— Blue  Creek 
Canyon,  Chisos  Mts.,  Wilson  Ranch,  Big  Bend  Nat’l.  Park  (29.14  X  103.20);  (13)  TCWC 
16105-08— Big  Bend  Nat’l.  Park,  Grapevine  Spring  (29.24  X  103.11);  (13)  LSUMZ  23457- 
59—1  mi.  NW  Study  Butte  (29.20  X  103.32);  (13)  LSUMZ  23456—3.2  mi.  W  Terlingua 
(29.19  X  103.39);  (13)  TCWC  25843—52  mi.  S  Alpine  (29.38  X  103.35);  (13)  TCWC 
25837—30  mi.  S  Alpine  (30.00  X  103.34);  (13)  TCWC  1144-46— N  end  of  Burro  Mesa,  3700 
ft.  (29.17  X  103.25);  (13)  TCWC  4567— Cuesta  Charlotta,  Big  Bend  Nat’l.  Park  (29.15  X 
103.00);  (13)  TCWC  16098-103,  16109— Grapevine  Hills,  Big  Bend  Nat’l.  Park  (29.24  X 
103.12);  (13)  TCWC  12964-65,  12969-71  — Hot  Springs,  Big  Bend  Nat’l.  Park  (29.12  X 
102.59);  (13)  TCWC  1139,  1 141-43— McKinney  Spring,  3100  ft.  (29.24  X  103.05);  (13) 
TCWC  25846,  25869— The  Post,  5  mi.  S  Marathon  (30.09  X  103.17);  (13)  TCWC  25880- 
86—12.4  mi  S  Marathon  (30.02  X  103.16);  (13)  TCWC  39592-99—12.8  mi.  S  Marathon 
(30.02  X  103.16);  (13)  TCWC  16093-94—6  mi.  SW  Paint  Desert  Junction,  Big  Bend  Nat’l. 
Park  (29.20  X  103.23);  (13)  TCWC  16091-92—3.8  mi.  S  Sam  Nail’s,  Big  Bend  Nat’l.  Park 
(29.18  X  103.23);  (13)  TCWC  1149— mouth  of  Santa  Elena  Canyon,  2100  ft.  (29.10  X 
103.39);  (13)  TCWC  1 147-48— Tornillo  Creek  Crossing  (29.25  X  103.08);  (13)  TCWC 
12963—5  mi.  N  Wilson’s  Ranch,  Oak  Springs  (29.18  X  103.20);  (13)  TCWC  12962 — 1.5  mi. 
N  Wilson’s  Ranch,  Chisos  Mts.  (29.15  X  103.20).  Crane  Co.:  (17)  TNHC  30779,  ASUC  593- 
96—9  mi.  N,  3  mi.  W  Crane  (31.31  X  102.24);  (17)  SRSU  837—7  mi.  ENE  Grand  Falls 
(31.22  X  102.45);  (17)  TCWC  35490-91—6  mi.  W  Imperial  on  State  Hwy.  11  at  Pecos  River 
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(31.17  X  102.45).  Culberson  Co.:  (16)  TCWC  39573—24.5  mi.  NW  Toyah,  3150  ft.  (31.30 
X  104.06);  (16)  TCWC  39625—27.5  mi.  W  Orla,  3600  ft.,  RR  652  at  Delaware  River  (31.53 
X  104.21);  (16)  TCWC  39580-90—18.2  mi.  W  Toyah,  Farm  Road,  3400  ft.  (31.16  X  104.07); 

(16)  SRSU  3260-69,  3271-73—10  mi.  W  Orla  (31.49  X  104.05).  Ector  Co.:  17)  FWM  307— 
7.4  mi.  S  Penwell  (31.38  X  102.31);  (17)  USNM  92843-44—6  mi.  NE  Judkins  (31.46  X 
102.32).  Fisher  Co.:  (17)  TTU  2051—5.6  mi.  NW  Rotan  (32.56  X  100.29).  Garza  Co.:  (17) 
TTU  51800-17—6  mi.  E  Justiceburg  (33.03  X  101.07).  Jeff  Davis  Co.:  ( 11)  LACM  62103 — 
19. 1  mi.  NW  Valentine  on  US  90  (30.46  X  104.43).  Loving  Co.:  (15)  TCWC  23366-68, 
ASUC  2582-84— Mentone  (31.42  X  103.36);  (15)  KU  72419-23—34  mi.  NW  Pecos  (31.47 
X  103.53);  (15)  TCWC  35486-87,  35489—10  mi.  NNW  Mentone  (31.51  X  103.38).  Midland 
Co.:  (17)  TTU  2715—10  mi.  SW  Midland  (31.54  X  102.15);  (17)  TTU  2703  (5  spec.)— 8.5 
mi.  E  Midland  (32.02  X  101.54).  Pecos  Co.:  (17)  ASUC  2569— near  Iraan  (30.55  X  101.54); 

(17)  TCWC  39516-38—38.4  mi.  W  Fort  Stockton  (30.53  X  103.27);  (17)  SRSU  2140,  2143, 
2153,  2184,  2186,  2215,  2217 — Coyonosa  Crossing  on  Pecos  River  (31.22  X  103.00);  (17) 
SRSU  2145-46,  2214,  2217 — Pecos  River  Crossing  between  Imperial  and  Grand  Falls  (31.17 
X  102.45);  (17)  SRSU  2161-62 — between  Iraan  and  Spanish  Dam  (30.54  X  101.54);  (17) 
LACM  66274—15  mi.  E  Fort  Stockton  (30.52  X  101.54);  (17)  LACM  66274—15  mi.  E  Fort 
Stockton  (30.52  X  103.37);  (17)  TCWC  25835—2  mi.  NW  Fort  Stockton  (30.55  X  102.56); 
(17)  TCWC  25866-67—2.5-3.5  mi.  NE  Fort  Stockton  (31.00  X  102.49);  (17)  TCWC  39491- 
514—24.7  mi.  NW  Fort  Stockton,  US  Hwy.  285,  2850  ft.  (31.06  X  103.13);  (17)  TCWC 
39539-51—39.7  mi.  WSW  Fort  Stockton,  3500  ft.  (30.50  X  103.25);  (17)  TCWC  39552-59— 
40  mi.  WSW  Fort  Stockton,  3447  ft.  (30.48  X  103.25);  (17)  TCWC  39600-601—31.1  mi. 
ENE  Toyahville,  3700  ft.  (30.46  X  103.34).  Reeves  Co.:  (15)  TCWC  25857-65—1  1.5  mi.  SE 
Pecos,  Worsham  Ranch  (31.23  X  103.20);  (15)  USNM  99788-96— SE  Orla  (31.48  X  103.53); 
(15)  LACM  7796,  ANSP  15701-06,  16996-97— Pecos  (31.25  X  103.30);  (16)  TCWC  39577— 
1.3  mi.  W  Toyah,  Farm  Road  (unpaved),  3800  ft.  (31.18  X  103.50);  (16)  TCWC  39624  — 
20.5  mi.  S  Orla,  3300  ft.  (31.36  X  103.53);  (16)  TCWC  39578-79—1.5  mi.  SSE  Toyah,  Farm 
Road  2903,  2900  ft.  (31.17  X  103.46);  (16)  TCWC  39574-76—18  mi.  NW  Toyah,  3000  ft., 
unpaved  farm  road  (31.30  X  103.59);  (17)  TCWC  39560,  42354—15.8  mi.  E  Balmorhea,  US 
Hwy.  290,  3200  ft.  (30.58  X  103.28);  (17)  TCWC  39608-23—19.7  mi.  E  Balmorhea  (30.58 
X  103.29).  Terrell  Co.:  (14)  UMMZ  69918  (16  spec.)— near  Sanderson  (30.07  X  102.23);  (18) 
TCWC  39468—9.5  mi.  S  Dryden,  county  road  (29.58  X  102.05);  (18)  ASUC  9160-62—24 
mi.  E  Dryden  (29.54  X  101.47);  (18)  TNHC  11697—21  mi.  E  Dryden  at  Big  Canyon  (29.54 
X  101.51);  (18)  TCWC  39515—15.5  mi.  SW  Dryden  (29.54  X  101.53).  Val  Verde  Co.:  (18) 
TCWC  38879-80,  39467—0.6  mi.  S  Langtry,  Park  Overlook  (29.48  X  101.34);  (18)  TCWC 
39469—0.8  mi.  W  Langtry,  Langtry  City  Dump  (29.48  X  101.34);  (18)  TCWC  25868,  25870- 
71—2  mi.  SE  Langtry,  Guy  Skiles  Ranch  (29.48  X  101.31);  (18)  ASUC  9159—12  mi.  S, 
1  mi.  E  Comstock  (29.32  X  101.09);  (18)  SRSU  2322-23,  2325-26,  2328-29,  2338,  2342,  2345, 
2349,  2425— Ross  Foster  Ranch,  ca.  10  mi.  SW  Langtry  (29.47  X  101.41);  (18)  TCWC  5712- 
13—1  mi.  NW  Langtry  (29.49  X  101.35).  Ward  Co.:  (17)  TTU  1833  (23  spec.)— 11  mi.  S 
Monahans  (31.25  X  102.52);  (17)  SRSU  954 — 6  mi.  NE  Grand  Falls,  Wriston  Ranch  (31.24 
X  102.53).  Webb  Co.:  (19)  TCWC  35488,  35492-93,  KU  62719—40  mi.  NNW  Laredo  (27.47 
X  99.50).  Winkler  Co.:  (17)  TTU  3471  (34  spec.)— 6  mi.  SE  Kermit  (31.46  X  103.03). 

MEXICO.  Chihuahua:  (9)  USNM  30887,  MCZ  6793— Cerro  Chilcate  (28.47  X  106.05); 
(9)  MCZ  78582—4  mi.  N  Aldama  (28.53  X  105.55);  (9)  BYU  15812—33  mi.  S  Chihuahua 
City  (28.23  X  105.39);  (9)  KU  51851,  51866—8  mi.  E  Julimes  (28.27  X  105.21);  (9)  KU 
51852-53—1  mi.  NW  Lazaro  Cardenas  (28.24  X  105.37);  (9)  KU  33742,  33745,  33752—2 
mi.  N,  6  mi.  E  Camargo  (27.44  X  105.05);  (9)  KU  33740,  33748—1  mi.  N,  3  mi.  E 
Camargo — (27.42  X  105.08);  (9)  AMNH  94789-90 — 1  mi.  S  Estacion  Bachimba  (28.24  X 
105.40);  (9)  SRSU  2254—6  mi.  N  Camargo,  on  Ojinaga  Road  (27.44  X  105.05);  (9)  SRSU 
2277—27.9  mi.  NE,  5.7  mi.  E  Aldama  (29.14  X  105.40);  (9)  SRSU  2789—10  mi.  NE 
Camargo  (27.45  X  105.02);  (9)  SRSU  2785-88,  2796,  2798—13.6  mi.  NE  Camargo  (27.47 
X  104.59);  (9)  SRSU  2784—15.5  mi.  NE  Camargo  (27.48  X  104.57;  EAL  3210—43.1  mi. 
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NE  Camargo  on  Ojinaga  Hwy.  (27.59  X  104.35);  (9)  UCM  8685-87 — 28  mi.  S  Chihuahua 
(28.26  X  105.42);  (9)  UCM  12760—31  mi.  S  Chihuahua  on  Hwy.  45  (28.25  X  105.40);  (9) 
UCM  37965-96—7.1  mi.  S  Cd.  Delicias  (28.06  X  105.25);  (9)  SRSU  2271,  2273,  2870—27.9 
mi.  NE,  11.7  mi.  E  Aldama  (29.17  X  105.34);  (10)  KU  51840-50,  51858-65,  51867-68—16 
mi.  WSW  La  Mula  (29.06  X  104.41);  (10)  SRSU  2778-82—5.2  mi.  S  La  Mula  (29.08  X 
104.30);  (10)  SRSU  2230—45.4  mi.  S  Ojinaga  (28.59  X  104.27);  (10)  SRSU  2233-34,  2237- 
38,  2241—50.5  mi.  S  Ojinaga  (28.55  X  104.25);  (10)  SRSU  2288—25.3  mi.  SE  Cuchillo 
Parado,  in  flats  (29.14  X  104.41);  (10)  SRSU  2282 —  1 6  mi.  SE  Cuchillo  Parado,  at  gap 
between  hills  (29.17  X  104.45);  (10)  SRSU  2278,  2280— Along  creek  bed  at  Coyame  (29.28 
X  105.06);  (10)  SRSU  2783,  2823,  3274—66  mi.  S  Ojinaga  (28.43  X  104.21).  Coahuila:  (12) 
KU  33733,  33735-36,  33747—2  mi.  SSE  Castillon  (28.11  X  103.39);  (12)  FWM  33728-30, 
33732,  33734,  33738,  33741,  33743-44,  33749-51—7  mi.  NE  Jaco  (28.01  X  103.52);  (13) 
AMNH  77320-23— Boquillas  (29.11  X  102.56);  (13)  FMNH  42389—2  mi.  S  Boquillas  (29.09 
X  102.56);  (20)  KU  47104—16  mi.  S.  Cuatro  Cienegas  (26.47  X  102.09);  (20)  KU  39938— 
5  mi.  N,  19  mi.  W  Cuatro  Cienegas  (27.04  X  102.08);  (20)  KU  39937—3  mi.  S,  9  mi.  E 
Cuatro  Cienegas  (26.55  X  102.15);  (20)  KU  39939—2  mi.  N,  1  mi.  W  Ocampo  (27.21  X 
102.26);  (20)  TNHC  30734 — 5  mi.  WNW  Sacramento,  Monclova-Cuatro  Cienegas  Hwy. 
(27.01  X  101.48);  (20)  TNHC  30747-48,  CM  43439-47—7  mi.  WNW  Sacramento, 
Monclova-Cuatro  Cienegas  Hwy.  (27.01  X  101.48);  (20)  TNHC  30747-48,  CM  43439-47— 
7  mi.  WNW  Sacramento,  Monclova-Cuatro  Cienegas  Hwy.  (27.01  X  101.50);  (20)  TNHC 
30284-87—1  mi.  E  Cuatro  Cienegas,  Monclova  Hwy.  (26.59  X  102.03);  (20)  TNHC  30776— 
9  mi.  E  Cuatro  Cienegas,  Monclova  Hwy.  (27.01  X  101.55);  (20)  TNHC  30774 — 16  mi. 
SSW  Cuatro  Cienegas,  San  Pedro  Road  (26.48  X  102.  09);  (20)  TNHC  30273-77,  30758- 
59—3  mi.  NNW  Cuatro  Cienegas,  Villa  Ocampo  Road  (27.01  X  102.06);  (20)  TNHC 
30289—7  mi.  NNW  Cuatro  Cienegas,  Villa  Ocampo  Road  (27.03  X  102.09);  (20)  NLU 
9507-08 — 4  mi.  N  Cuatro  Cienegas  de  Carranza,  Rio  Canon  (27.01  X  102.06);  (20)  TCWC 
43193—12.4  mi.  W  Cuatro  Cienegas,  2150  ft.  (26.54  X  102.12);  (20)  TCWC  46614-20—3.1 
mi.  W  Sacramento,  2000  ft.  (27.00  X  101.46);  (20)  TCWC  46622-25—5.9  mi.  NNW  Cuatro 
Cienegas,  2800  ft.  (27.03  X  102.06);  (20)  TCWC  46641-61—2.6  mi.  WSW  La  Madrid,  2000 
ft.  (27.02  X  101.50);  (20)  TCWC  46621—3.2  mi.  NNw  Cuatro  Cienegas,  2600  ft.  (27.01  X 
102.50);  (20)  CM  43449,  43510-11,  48291,  FMNH  47335-40,  47348-53— Cuatro  Cienegas  de 
Carranza,  SE  corner  of  town  (26.59  X  103.04);  (20)  CM  48283-85 — 0.7  mi.  S  Cuatro 
Cienegas,  La  Angustura  Canal  (26.58  X  103.04);  (20)  CM  48141-42,  48144-1-3  km.  E 
Cuatro  Cienegas  (26.59  X  102.03);  (20)  CM  43450-51 — 2  mi.  S  Cuatro  Cienegas  de 
Carranza  (26.58  X  102.05);  (20)  CM  43372-89 — 3  mi.  N  Cuatro  Cienegas,  Rio  Canon  (27.01 
X  102.05);  (20)  CM  43368-71—6  mi.  N  Cuatro  Cienegas  (27.03  X  102.09);  (20)  CM  48292- 
93,  48314 — 6.9  mi.  SW  Cuatro  Cienegas,  Sierra  de  San  Marcos  (26.54  X  102.08);  (20)  CM 
43391-95 — E  edge  Cuatro  Cienegas  Basin,  13.5  mi.  N  Cuatro  Cienegas  (27.01  X  101.51); 
(20)  CM  43411—22.1  mi.  N  Cuatro  Cienegas  (27.13  X  102.18);  (20)  EAL  2412  (2  spec.)— 
15  mi.  E  Cuatro  Cienegas  (27.01  X  101.51);  (20)  EAL  2652  (3  spec.)— 2.1  mi.  NW  Cuatro 
Cienegas  de  Carranza  on  Ocampo  Road  (27.01  X  102.05);  (20)  TCWC  43233-35,  43309-10, 
43443-50—11.2  mi.  E  Cuatro  Cienegas,  2250  ft.  (26.58  X  101.53);  (20)  TCWC  44279-81  — 
0.9  mi.  SW  La  Madrid,  2000  ft.  (27.03  X  101.49);  (20)  TCWC  44278—1.6  mi.  SW  La 
Madrid,  2000  ft.  (27.02  X  101.50);  (20)  TCWC  44277—5  mi.  SW  La  Madrid,  1950  ft.  (27.01 
X  101.51);  (20)  TCWC  38977—10  mi.  W  Sacramento  (27.01  X  101.48);  (20)  UCM  38007- 
26—7.3  mi.  W  Sacramento  (27.01  X  101.50);  (21)  TNHC  30305—8  mi.  NNE  Monclova, 
Piedras  Negras  Highway  (27.01  X  101.21);  (21)  TNHC  30674 — 6  mi.  NNE  Monclova, 
Monclova-Piedras  Negras  Hwy.  (26.59  X  101.22);  (21)  TNHC  30657-61—4  mi.  SSW  Est. 
Hermanas,  Monclova-Piedras  Negras  Hwy.  (27.10  X  101.15);  (21)  TNHC  30662—16  mi. 
SSW  Est.  Hermanas,  Monclova-Piedras  Negras  Hwy.  (27.01  X  101.21);  (21)  TCWC  46690- 
98—1  mi.  W  Hermanas,  1300  ft.  (27.13  X  101.15);  (21)  TCWC  46688-89—10.9  mi.  NW 
Soledad,  2700  ft.  (26.30  X  101.08);  (21)  FMNH  47341-45— Hermanas  (27.13  X  101.12);  (21) 
FMNH  47346-47— Monclova,  foothills  Sierra  del  Mercado  (26.53  X  101.26);  (21)  TCWC 
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43412—15.4  mi.  SE  Castanos,  3050  ft.  (26.36  X  101.17);  (21)  TCWC  43376—23.6  mi.  SE 
Castanos  (26.30  X  101.08).  Nuevo  Leon :  (21)  TCWC  46662-75—11.1  mi.  SE  Soledad  (26.20 
X  100.50);  (21)  TCWC  46676-80—0.4  mi.  SE  Soledad  (26.24  X  100.58)  (21)  TCWC  46681- 
87—2.5  mi.  NW  Soledad  (26.26  X  101.01). 

Cnemidophorus  marmoratus  reticuloriens  X  pulcher 
MEXICO.  Coahuila :  (24)  TCWC  43280—30.4  mi.  W  Cuatro  Cienegas  (26.55  X  102.30); 
(24)  RWA  1402-03— Rosario,  3800  ft.  (26.57  X  102.32);  (24)  RWA  1401—2  mi.  W  Rosario, 
3800  ft.  (26.57  X  102.34);  (24)  RWA  1410— Rosario  turnoff,  3800  ft.  (26.57  X  102.31);  (24) 
TCWC  43281-83—0.8  mi.  E  Las  Manjas  (27.07  X  102.53);  (24)  TCWC  46626-38—37.1  mi. 
W  Ocampo,  3700  ft.  (27.17  X  102.56);  (24)  TCWC  46639-40—33.3  mi.  W  Ocampo  (27.15 
X  102.52);  (24)  TCWC  43194—22.9  mi.  W  Cuatro  Cienegas,  2775  ft.  (26.55  X  102.26);  (24) 
TCWC  43279—28.6  mi.  W  Cuatro  Cienegas,  3100  ft.  (26.55  X  102.29);  (24)  TCWC  43203- 
04—0.4  mi.  W  Matrimonio,  3350  ft.  (27.08  X  103.10);  (24)  TCWC  43195-202,  43284-88— 
4.8  mi.  E  Matrimonie,  3450  ft.  (27.07  X  103.08). 

Cnemidophorus  marmoratus  reticuloriens  Xvariolosus 
MEXICO.  Coahuila :  (23)  AMNH  67370  (9  spec.),  67371-74— S  of  Las  Delicias  (26.13  X 
102.47);  (23)  TCWC  43451-57—37  mi.  NE  San  Pedro,  3400  ft.  (26.07  X  102.43);  (23)  CM 
43390 — 40  km.  SW  Cuatro  Cienegas  de  Carranza,  road  to  San  Pedro  de  las  Colonias  (26.39 
X  102.10);  (23)  FMNH  46102-05— Las  Delicias  (26.14  X  102.47);  (23)  EAL  3173  (4  spec.)— 
45.9  mi.  NE  San  Pedro  de  las  Colonias  at  Rancho  Candelaria  (26.13  X  102.42);  (23)  TCWC 
43289—18  mi.  SW  El  Hundido,  2600  ft.  (26.31  X  102.28);  (23)  TCWC  43219-27,  43229- 
30,  43268-71,  43305-06—39.2  mi.  NE  San  Pedro  (26.08  X  102.43). 

Cnemidophorus  marmoratus  pulcher 

MEXICO.  Chihuahua:  (27)  TCWC  43544—9.9  mi.  NE  Escalon  (26.48  X  104.12);  (27) 
UIMNH  43751-54—17.9  mi.  NE  Escalon  (26.52  X  104.04);  (27)  UIMNH  43750—19.2  mi. 
NE  Escalon  (26.52  X  104.04);  (27)  UIMNH  43757-60—0.7  mi.  E  Carrillo  (26.53  X  103.54); 

(27)  UIMNH  43755-56—1.2  mi.  NW  Carillo  (26.54  X  103.56);  (27)  TNHC  30531  —  15  mi. 
ENE  Escalon,  Carrillo  Road  (26.51  X  104.09);  (27)  TNHC  30530-14  mi.  ENE  Escalon, 
Carrillo  Road  (26.50  X  104.10);  (27)  TNHC  30532-52 — 3  mi.  E  Carrillo,  Cuatro  Cienegas 
Road  (26.54  X  103.52);  (27)  TCWC  43423-42,  43545-46—4.5  mi.  NE  Carrillo,  4150  ft. 
(26.56  X  103.54);  (27)  TCWC  43474,  UCM  22812—6.9  mi.  NE  Escalon,  4400  ft.  (26.47  X 
104.14);  (27)  TCWC  43475—6.8  mi.  WSW  Carrillo,  4150  ft.  (26.51  X  104.01);  (27)  EAL 
3562  (2  spec.)— 20.6  mi.  NW  Ceballos  (26.55  X  104.20).  Coahuila:  (25)  TCWC  43210-11, 
43245-47—3.1  NE  Estacion  Estanque,  3725  ft.  (27.08  X  103.32);  (25)  TCWC  43206-07, 
43242—0.6  mi.  ENE  El  Oro,  3773  ft.  (27.16  X  103.31);  (25)  TCWC  43212-13,  43241,  43248, 
43296—2.6  mi.  E  Estanque,  3600  ft.  (27.06  X  103.32);  (25)  TCWC  43205—0.8  mi.  E  Los 
Americanos,  3575  ft.  (27.11  X  103.18);  (26)  TCWC  43214—4.8  mi.  SW  Estacion  Estanque, 
3650  ft.  (27.04  X  103.38);  (26)  TCWC  43208-09,  43243-44,  43292-95—0.5  mi.  NE  Estacion 
Estanque,  3750  ft.  (27.06  X  103.34);  (28)  TCWC  43539—3  mi.  E  Ceballos,  4050  ft.  (26.42 
X  103.39);  (28)  TCWC  43537-38—33  mi.  E  Ceballos  (26.44  X  103.34);  (30)  TCWC  43529- 
35—62.6  mi.  N  Tlahualiho  (26.54  X  103.23);  (30)  TCWC  43518-28—54.1  mi.  N  Tlahuahilo 
(26.53  X  103.21);  (30)  TCWC  43536—66.2  mi.  N  Tlahualiho  (26.52  X  103.27);  (31)  TCWC 
43493-500—40  mi.  N  Tlahualiho  (26.42  X  103.23);  (31)  TCWC  43501-17—45.8  mi.  N 
Tlahuahilo,  3900  ft.  (26.49  X  103.22);  (32)  TCWC  43481-92—31.9  mi.  N  Tlahuahilo  (26.33 
X  103.25).  Durango:  (28)  TCWC  43422—22.1  mi.  E  Ceballos,  4000  ft.  (26.38  X  103.48); 

(28)  TCWC  43540—25.5  mi.  E  Ceballos,  4150  ft.  (26.40  X  103.43);  (28)  TCWC  43542-43— 
24  mi.  E  Ceballos,  4100  ft.  (26.39  X  103.46). 

Cnemidophorus  marmoratus  pulcher  X  variolosus 

MEXICO.  Durango:  (29)  UF  30014-25— E  of  Ceballos,  Cerritos  (26.33  X  104.05). 
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Cnemidophorus  marmoratus  variolosus 

MEXICO.  Coahuila :  (34)  CU  9544-49— (26. 15  X  103.06);  (35)  TCWC  43308,  43458-60— 
34  mi.  NE  San  Pedro  (26.05  X  102.43);  (35)  TCWC  43231-32,  43272-74,  43307,  FMNH 
46100-101—30.1  mi.  NE  San  Pedro  (26.02  X  102.43);  (35)  SRSU  2797—84  mi.  S  Cuatro 
Cienegas  (26.04  X  102.43);  (35)  SRSU  2793-95,  2799-801—30  mi.  N  San  Pedro  (26.02  X 
102.42);  (35)  FMNH  44298— dunes,  12  mi.  N  San  Pedro  (25.56  X  103.00);  (35)  EAL  2517 — 

13.3  mi.  NE  San  Pedro  de  las  Colonias  (25.55  X  102.52);  (35)  EAL  2513  (7  spec.)— 18  mi. 

NNE  San  Pedro  de  las  Colonias  (25.57  X  102.49);  (36)  TCWC  42283,  43237-40,  4331 1-14 — 
0.5  mi.  E  Bilbao  (25.26  X  102.53);  (36)  TCWC  43218,  43266-67—9.1  mi.  S  San  Pedro  (25.40 
X  102.55);  (36)  TCWC  43228,  43265  10  mi.  E  Matamoras  (25.29  X  103.03);  (36)  UCM 

49227 — sand  dunes  N  Bilbao,  7.4  mi.  NW  Viesca  along  Coahuila  Hwy.  15  (25.25  X  102.54); 
(36)  TCWC  42284,  UCM  49230— sand  dunes,  5.8  mi.  NW  Viesca,  along  Coahuila  Hwy.  15 
(25.24  X  102.52);  (36)  USNM  106085-98—13  mi.  W  San  Pedro  (25.46  X  103.12);  (36) 
USNM  106102-07,  FMNH  125091-92,  125099-100—10  mi.  E  Torreon  (25.32  X  103.15);  (36) 
CM  43343-46 — dunes  6.9  mi.  E  Matamoras  de  la  Laguna  (25.31  X  103.07);  (36)  SRSU 
2791-92—2  mi.  W  San  Pedro  (25.45  X  103.01);  (36)  UMMZ  112667-68—3.3  mi.  W  Zapata, 
3400  ft.  (25.29  X  103.00);  (36)  KU  33980— Pico  de  Jimulco  (25.07  X  103.20);  (36)  AMNH 
77258— vicinity  of  Matamoras  (25.32  X  103.14);  (36)  AMNH  77279—10  mi.  E,  6  mi.  S 
Torreon  (25.28  X  103.16);  (36)  AMNH  77259-63,  EAL  2505  (27  spec.) — 7  mi.  E  Matamoras 
(25.31  X  103.07);  (36)  FMNH  125093-94,  125096-97— San  Pedro  (25.46  X  102.59);  (36)  EAL 
2510  (4  spec.) — 11.5  mi.  E  Matamoras  on  Mexico  40  (25.32  X  103.02);  (36)  UCM  22813- 
16—6  mi.  E  Matamoras  (25.31  X  103.07);  (37)  AMNH  77285—19  mi.  W  Paila  (25.40  X 

102.26) ;  (37)  AMNH  77252—16  mi.  N,  31  mi.  W  Parras  (25.38  X  102.39);  (37)  USNM 
3066— Alamo  de  Parras  (25.25  X  102.10);  (37)  UMMZ  112666—3.1  mi.  W  Paila,  4600  ft. 
(25.39  X  102.12).  Durango:  (34)  TCWC  43215-17,  43249-63,  43297-304—1.8  mi.  W 
Bermejillo  (25.53  X  103.39);  (34)  TCWC  43264,  43461—4.6  mi.  E  Mapimi  (25.51  X  103.48); 
(34)  TCWC  43462-73—7.3  mi.  NE  Bermejillo  (25.57  X  103.31);  (34)  UIMNH  43772-75— 

15.4  mi.  S  Tlahualiho  (25.53  X  103.25);  (34)  UIMNH  43776-95—5.8  mi.  NNE  Bermejillo 
(25.58  X  103.35);  (34)  TNHC  30526—2  mi.  W  Bermejillo  (25.53  X  103.39);  (34)  EAL  3198— 
11.7  mi.  S  Yermo  (26.16  X  103.53);  (34)  EAL  2518—2.6  mi.  E  Mapimi  (25.51  X  103.48); 
(34)  UCM  38027-40—17.7  mi.  N  Bermejillo  (26.08  X  103.45);  (36)  TCWC  43290-91,  43476, 
USNM  106042— Pedricena,  4300  ft.  (25.06  X  103.47);  (36)  AMNH  77275-76—5  mi.  SW 
Torreon  (25.31  X  103.31);  (36)  FMNH  6772-73— Lerdo  (25.32  X  103.31);  (36)  FMNH 
17078,  17083-92—5  km.  W  Torreon  (25.35  X  103.30). 

Cnemidophorus  marmoratus  variolosus  X  puleher 
MEXICO.  Coahuila:  (33)  TCWC  43480—29.8  mi.  N  Tlahuahilo,  3850  ft.  (26.32  X 

103.26) .  Durango.  (33)  TCWC  43477-79—62.6  mi.  N  Tlahualiho  (26.28  X  103.28). 

Cnemidophorus  marmoratus  nigroriens 

MEXICO.  Coahuila:  (38)  KU  29345-49—41  mi.  W,  15  mi.  N  Saltillo  (25.39  X  101.40); 

(38)  USNM  106121  — Hipolito  (25.41  X  101.26);  (38)  TNHC  30240-43—17  mi.  E  La  Paila, 
Saltillo— Torreon  Hwy.  (25.39  X  101.53);  (38)  CM  43341—37  mi.  W  Saltillo  (25.36  X 
101.28);  (38)  CM  43342— km.  post  513  on  Saltillo-Torreon  Hwy.  (25.39  X  101.55);  (38) 
FMNH  125098— La  Rosa  (25.33  X  101.23);  (38)  EAL  2485  (5  spec.),  2498  (5  spec.)— 23.6 
mi.  W  Saltillo  at  Puenta  del  la  Cuchilla  (25.28  X  101.20);  (38)  EAL  3567  (6  spec.)— 27.3 
mi.  E.  Paila  (25.40  X  101.43);  (39)  TCWC  43276—18  mi.  N  Santa  Cruz  (25.58  X  101.16); 

(39)  TCWC  43277-78—2.2  mi.  N  Santa  Cruz  (25.48  X  101.07);  (39)  TCWC  43397—9  mi. 
E  Paredon  (25.50  X  100.51);  (39)  TCWC  43398-409,  43421  —  11  mi.  E  Paredon  (25.50  X 
100.50);  (39)  TCWC  43413-20—2.3  mi.  E  Paredon  (25.56  X  100.54);  (39)  AMNH  77288- 
89—41  mi.  NNW  Saltillo  (25.50  X  101.08);  (39)  CM  43338-40—47  mi.  N  Saltillo,  along 
Hwy.  57  (25.57  X  101.15);  (39)  TCWC  43410-11  —  19.1  mi.  E  of  Casas  Colorados,  4000  ft. 
(26.13  X  101.23);  (39)  X  43236,  43275—3.2  mi.  S  San  Lazaro,  3600  ft.  (26.14  X  101.21); 
(39)  EAL  9— km.  954,  9  mi.  N  Paredon  turnoff  (25.59  X  101.17);  (39)  TCWC  44282—5.4 
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mi.  S  Frausto  (25.51  X  101.08).  Nuevo  Leon  (40)  TCWC  43377-96—19.2  mi.  SW  Mina 

(25.54  X  100.45). 

Cnemidophorus  marmoratus  nigroriens  X  reticuloriens 
MEXICO.  Nuevo  Leon:  (22)  TCWC  43358-75—5.1  mi.  W  Mina  (26.02  X  100.40);  (22) 

EAL  2604  (3  spec.) — 4.5  mi.  NW  Mina  on  Mexico  53  (26.03  X  100.35). 
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